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PREFACE 

In the collection of "Notes*' on Mild Steel and Constructional 
Steelwork, which form the contents of the present volume, no 
attempt has been made to treat the subject from the point of view 
of Applied Mechanics as ordinarily understood, nor are the 
theories of construction, nor the calculations for buildings or 
engineering structures referred to, except so far as may be required 
incidentally in connection with the subject-matter discussed, while 
the great range of the subjects upon which the Notes treat, and the 
severe limitations which are necessarily imposed, must form the 
only excuse which the writer has to offer for the obvious 
insuflSciency of treatment of the items dealt with. 

It has been assumed that the junior draughtsman of the 
architectural or engineering professions has been, at least to some 
extent, properly grounded in the theory of construction, and that 
he has acquired an elementary knowledge of the determination 
of stresses in the structures with which he has to deal. 

It has, however, come within the experience of the writer that 
between the carefully calculated stress-sheet or correctly drawn 
graphic diagram, and the completion of a working drawing which 
shall successfully pass the ordeal of criticism in the girdermaker or 
bridge- or roof-buUder's yard, there is sometimes found a gap, not 
always successfully bridged, and it becomes occasionally evident 
that the ability to produce, let us say, a correct graphic analysis of 
the stresses on a roof principal and the ability to design a sound 
riveted connection are not quite one and the same thing. 

It is true that excellence and soundness of design are not to be 
acquired from books alone, and that close study, observation^ and 
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experience must go hand-in-hand to arrive at that result. It is, 
however, the hope of the writer that the Notes now offered will 
assist the student, at all events, in the study and observation of 
such good examples of Steel Construction as may come within his 
reach, and in the practical application of a material which has 
taken, and is likely to maintain, so important a position in both 
Architectural and Engineering Construction. 

The education of the designer of Constructional Steelwork is 
not, however, completed even when to a sound knowledge of theory 
he has added to that knowledge the experience of the practical 
aspects of design. He wOl, if he be wise, endeavour, so far as 
opportunity may be given him, to trace back the previous history 
of the material he has been dealing with ; he will place himself, 
mentally and (as far as is possible to him) by personal observation, 
in touch with the centres of the Steel-making Industry, the Blast 
Furnace, the Cinder Heap, the " Sow " and her " Pigs," the dazzling 
radiance of the molten metal in the open hearth or the converter, 
the methods (to say nothing of the risks and anxieties) of the Steel 
Founder, the ruddy atmosphere of the Annealing Furnace, and the 
spectral shapes of castings, refracted by the waving and glowing 
gases as they undergo the ordeal which relieves internal stress and 
makes them ductile and tough, the Ingot, the Soaking Pit, the 
clangour, and hiss and roar of the BoUing Mills. 

The scene changes, and he will follow the completed sections 
and shapes to the Plater's yard, the Templet-maker's, Machine and 
Smith's shops, the Pickling or Galvanizing Tanks, and watch the 
processes whereby Drilling Machine, Punching Machine, Biveting 
Machine, Pneumatic Hammer with its incessant rattle. Cold Saw 
with its halo of sparks, Hydraulic Press, and the like, shape and 
fashion his material into the form he has evolved on paper; and 
perhaps he then becomes conscious, as the offspring of his thought 
grows into visible bodily shape before his eyes, that there are 
certain details in his design which he will take care to improve 
on a future occasion. 

Again the scene changes, the riveted sections of steelwork, the 
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castdngs, the cases of bolts and nuts, the bags of rivets, have all 
left the contractor's yard, some by rail, some perchance by sea, and 
then the multitudinous practical requirements which surround the 
Erection of Constructional Steelwork become evident, whether the 
Structure be some Bridge of great span over a ravine or rapid 
river, a Skeleton Steel " Skyscraper " many stories high, a large 
Caisson or Iiock Gate for a Dock Entrance, or whether it be the 
simpler and humbler forms of Builders' Ironwork, and the erection 
of a few simple columns, girders, or roof principals. 

All these things, and many more, noted with the observant 
eye, and the receptive and wiUing mind, will form so many rungs 
in the ladder whereby the junior draughtsman, be he Architect or 
Engineer, may climb, as regards this branch of his profession, to 
efficiency, success, and the honourable reward of his industry. 

The application of Steel to that mode of construction known 
as " Ferro-Concrete," " Armoured Concrete," or " Concrete Steel " 
demands separate treatment, and is not alluded to in this volume. 
This subject, together with that of the protection of Constructional 
Steelwork from the eflfects of fire, the present writer must leave 
until such period as time and opportimity may indicate. 

H. F. 

London, 

November, 1906. 
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It is the primary object of these notes to treat, as regards riveted 
work, of those combinations or assemblages of various rolled 
sections of steel which make up the constructional forms of steel- 
work to be dwelt upon in the pages following. 

The methods by which these sections, amongst which may be 
enumerated plates, bars, angles, tees, joists, channels, and the like, 
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2 CONSTRUCTION IN MILD STEEL. 

are produced in the rolling mills from the original ingot is beyond 
the scope of this work. It is, however, very desirable that the 
student and designer of structural work should possess some 
elementary knowledge at least of the leading features of the 
chemical and physical qualities of his material as affected by the 
various processes of manufacture, especially as these last are 
frequently referred to in modern specifications for structural steel- 
work, and the designer may be called upon to select that process 
which he considers best suited for his purpose, unless, indeed, he 
adopts the somewhat undesirable course of ignoring all reference 
to methods of manufacture, and is content to accept what is 
offered without further inquiry. 

The following elementary and necessarily imperfect outline of 
these subjects has been therefore prepared, rather as an incentive 
to the student to prosecute further inquiry than as an attempt to 
treat even partially of a branch of metallurgy full of detail of 
absorbing interest. 

Before treating of the several processes of manufacture now in 
vogue, it is desirable to consider briefly some of those chemical 
constituents which go to make up that compound of iron and 
carbon which is denominated steel under its various sub-divisions 
of hard, medium, soft, or mild. 

The discussions which arose in the earlier days of modem steel 
manufacture as to the precise nomenclature of the various grades 
of steel, and especially as regards that quality of the metal now 
used for ordinary riveted structural work, have to-day less interest. 

The appellation of " mild steel " is perfectly well understood, 
and the limits of the chemical and physical qualities of this metal, 
while they are subject to a certain amount of latitude with regard 
to the precise purposes in view, are nevertheless practically settled 
by the general consent of engineers and manufacturers. 

The wonderful influence of a small percentage of carbon in com- 
bination with iron will at once attract the attention of the student, 
and the question of carbon content must now be entered upon. 

The tabular statement which follows is intended to show the 
gradual increase in percentage of carbon which accompanies the 
increasing hardness of steel ranging from the softest quality manu- 
factured, and applicable to those purposes which require great 
ductility, malleability, and welding properties, to those grades of 
steel standing at the summit of the scale of hardness, and used 
only for cutting instruments of the finest temper and edge. 
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The student will observe tlmt the entire range or scale of 
carbon content is but about 1^ per cent. 

It is unnecessary, perhaps, to point out that there is no hard- 
and-fast boundary line to be drawn between the several groups or 
strata of steels. Any one group may be found to overlap its 
neighbour to some slight extent, but in the main the percentages 
here given indicate within narrow limits those which will be 
found in chemical analyses of the metal used for the various 
purposes described. 

TABLE No. 1. 

Showing the Approximate Percentages of Carbon and 
Approximate Ultimate Tensile Strength of Steel used 
FOR THE Purposes described. 



CUm of materUl. 



Extra soft steel for such purposes as 
boiler flues or plates exposed to 
flame, rivets, tin-plates, tubes for 
boilers, welding material and the 
iiKe ...- ... ... ••• .•• 

Mild steel for ship-building, bridge- 
work, builders' girders, riveted 
columns, roof trusses, roUed joists, 
trough floor sections, and the like 

Medium steel for tyres, axles, rails 
for permanent way, railway vehicle 
springs, and the like 

'Riqh Carbon SteeU. 

Various blacksmiths' tools, and as 
weld steel for steeling ^ ... 

Wood-working chisel steel ^ 

Paving-tool steel, screw taps, chisels, 
gouges, etc.^ ... ... 

Stocks and dies, draw-plates, etc.^ ... 

Turning-tool steel, rook drills, mill 
pioks, scrapers, and cutting tools 
for hard metals ^ ... 

Hard file steel ^ 

Bazor steel, turning and planing 
knives, drills, turning gravers for 
very hard materials ^ 



PeroenUge of 
carbon. 



0-06-0-126 



0-1 26-0-250 



0'30-0-65 



0-66 
0-875 

1-000 
1-125 



1-250 
1-375 



1-500/ 






Approzinute olU- 

mate tensile strength 

in tons per sq. in. 



22-26 



26-32 



35-45 



Up to about 
60 tons per 
square inch. 



^ Skelton, "Eoonomioi of Iran and Steel." Alio ThaUner, '« Tool SteeL'' 
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The above table is intended to exhibit broadly the relationship 
between carbon content and ultimate tensile resistance, but this 
relationship is not solely of this simple nature. The influence of 
the other chemical elements usually found in chemical analysis of 
mild steel, as affecting the practical working qualities and physical 
characteristics of the metal, must also be traced. 

The following elementary remarks upon this subject are mainly 
based upon the work of a well-known American authority ; and, 
except where otherwise mentioned, the passages in italics which 
follow are taken from the work referred to.^ 

Influence of Carbon. — " The ordinary steel of commerce is carbon- 
steel ; in other words, the distinctive features of two different grades 
are due for the most part to variations in carbon rather than to 
differences in other elements. 

"There are often wide variations in manganese, phosphorus, 
silicon, etc., but it is rarely that the carbon content does not 
determine the class to which the material belongs. 

" This selection of carbon as the one important variable arose 
primarily from the fact that primitive Tubal Cains could produce a 
hard-cutting instrument with no apparatus save a wrought-iron 
bar and a pile of charcoal; and the natural developments in 
manufacture have led to the conclusion that a given content of 
carbon will confer greater hardness and strength, with less accom- 
panying brittleness than any other element. 

** There are certain exceptions to be taken to this statement in 
the case of hard steels made by manganese, chromium, or tungsten, 
but it may be accepted as true in soft steel. 

** It follows, therefore, that no limit should ever be placed to the 
carbon allowed in any stractural material if a given tensile strength 
is specified. It is, of course, true that every increment of carbon 
increases the hardness, the brittleness under shock, and the sus- 
ceptibility to crack under sudden cooling and heating, while it 
reduces the elongation and reduction of area; but the strength 
must be bought at a certain cost, and this cost is less in the case 
of carbon than with any other element." 

Influence of Silicon, — " The contradictory testimony concerning 
the effect of silicon on steel has been well summarized by Mr. 
Howe,^ who records many examples of exceptional steels with 



> Oampbell, ** Maniifaotare and Pzopertiet of Straofciural Steel.** 
• *«The MetaUorgy of Steel." 
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abnormal contents of silicon, and who fully discusses the theories 
advanced by different writers. 

" He finds no proof that silicon has any bad effect upon the 
ductility or toughness of steel, and he concludes that the bad 
quality of certain specimens is not necessarily due to the silicon 
content, but to other unknown conditions." 

In discussing the results of the investigation of Mr. Hadfield,^ 
the following remarks are made by Mr. Campbell : ** These results 
are of the highest value in showing that silicon cannot be classed 
among the highly injurious elements, for in similar proportion (the 
percentages of silicon in the investigations in question range from 
0'21 to 5*08) phosphorus and sulphur would be out of the 
question, manganese would give a worthless metal, and carbon 
would change the bar to pig-iron. It will, therefore, be only 
reasonable to suppose that small quantities cannot exert a very 
deleterious influence." 

Finally, the same author remarks that " in steels containing 
less than 0*25 per cent, of carbon, the effect of small proportions 
of silicon upon the ultimate strength is inappreciable." 

Influence of Phosphorus, — " Of all the elements that are commonly 
found in steel, phosphorus stands pre-eminent as the most undesir- 
able. It is objectionable in the rolling mill, for it tends to produce 
coarse crystallization, and hence lowers the temperature to which 
it is safe to heat the steel, and for this reason phosphoritic metal 
should be finished at a lower temperature than pure steel, in order to 
prevent the formation of a crystaUine structure during the cooling." 

" Aside firom these considerations, its influence is not felt in a 
marked degree in the rolling mill, for it has no disastrous effect 
upon the toughness of red-hot metal when the content does not 
exceed 015 per cent." 

" The action of phosphorus upon the finished material may not 
be dismissed in so few words. Mr. Howe ^ has gathered together 
the observations of different investigators, and the evidence seems 
to prove that the tensile strength is increased by each increment 
of phosphorus up to a content of 0'12 per cent., but that beyond 
this point the metal is weakened. Whether this last observation 
be correct or not is of little practical importance, for it would be 
criminal to use a metal for structural purposes that contained as 
much as an average of 01 2 per cent, phosphorus." 

> *« AHoys of Iron and Smoon.*' Jowrwd I and S. 7., toI. iU 1889. 
* <« The Metallurgy of Steel." 
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''Below this point it is absolutely certain that phosphorus 
strengthens low steels, both acid and basic. . . . The same certainty 
does not pertain to any other efifect of this metalloid. Hr. Howe 
has ably discussed the whole matter, and I herewith make 
quotations from the Metallurgy of Steel, and place them in the 
form of a summary. 

" (1) The effect of phosphorus on the elastic ratio, as on elon- 
gation and contraction, is very capricious. 

"(2) Phosphoric steels are liable to break under very slight 
tensile stress if suddenly or vibratorily applied. 

''(3) Phosphorus diminishes the ductility of steel under a 
gradually applied load as measured by its elongation, contraction, 
and elastic ratio when ruptured in an ordinary testing machine, 
but it diminishes its toughness under shock to a still greater 
degree, and this it is that unfits phosphoric steels for most 
purposes. 

" (4) The effect of phosphorus on static ductility appears to be 
very capricious, for we find many cases of highly phosphoric steel 
which show excellent elongation, contraction, and even fair elastic 
ratio, while side by side with them are others produced under 
apparently identical conditions but statically brittle. 

"(5) If any relation between composition and physical pro- 
perties is established by experience, it is that of phosphorus in 
making steel brittle under shock ; and it appears reasonably certain, 
though exact data sufficing to demonstrate it are not at hand, that 
phosphoric steels are liable to be very brittle under shock, even 
though they may be tolerably ductile statically. 

" The effects of phosphorus on shock-resisting power, though 
probably more constant than its effects on static ductility, are still 
decidedly capricious. . . ." 

" It is true that numerous cases can be cited of rails, plates, etc., 
containing from 0*10 to 035 per cent, of phosphorus, wliich have 
withstood a long lifetime of wear and adversity ; but in the general 
use of such metal there has been such a large percentage of 
mysterious breakages that it seems quite well proven that the 
phosphorus and the mystery are the same." 

On the subject of phosphorus, another authority ^ remarks as 
follows : — 

"In the case of what may be called the treacherousness of 
phosphoric steel, it is difficult to fix a definite limit for the 

> F. W. Harbord, " Tho Metallurgy of Steel," 1904. 
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maximum content of phosphorus which can be safely allowed, but 
there can be no doubt that the lower this is, the safer the material, 
and for structural purposes 0*06 per cent, is quite as much as can 
be accepted with a feeUng of security. In steel rails 0*08 per cent, 
of phosphorus may be permitted with safety." 

Influence of SiUphur. — " Nothing is better established than the 
fact that sulphur injures the rolling qualities of steel, causing it to 
crack and tear, and lessening its capacity to weld. This tendency 
can be overcome in some measure by the use of manganese and by 
care in heating, but this does not in the least disprove that the 
sulphur is at work, but simply shows that it is overpowered. 

" The critical content at which the metal ceases to be malleable 
and weldable varies with every steel. It is lower with each 
associated increment of copper, it is higher with each unit of 
manganese, and it is lower in steel which has been cast 
too hot. 

** In the making of common steel for simple shapes, a content 
of O'lO per cent, is possible, and may even be exceeded if great care 
be taken in the heating ; but for rails and other shapes having thin 
flanges, it is advantageous to have less than 0*08 per cent, while 
every decrease below this point is seen in a reduced number of 
defective bars. 

" It is impossible to pick out two steels with different contents 
of sulphur and say that the influence of a certain minute quantity 
can be detected, but it is none the less true that the effect of an 
increase or decrease of 0*01 per cent, will show itself in the long 
run, while each 0*03 per cent, will write its history so that he who 
runs may read. 

" The effect of sulphur upon the cold properties of steel has not 
been accurately determined, but it is quite certain that it is unim- 
portant. In common practice the content varies from 0*02 to 0*10 
per cent., and within these limits it seems to have no appreciable 
influence upon the elastic ratio, the elongation, or the reduction of 
area. It is more difficult to say that it does not alter the tensile 
strength, for a change of 1000 lbs. per square inch can be caused 
by so many things that it is a bold venture to ascribe it to one 
variable. 

" In rivets, eyebars, and fire-box steel, the presence of sulphur 
is objectionable, for it will tend to create a coarse crystallization 
when the metal is heated to a high temperature, and reduce the 
strength and toughness of the steeL 
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" In other forms of stmctural material the effect of this element 
is probably of little importance." 

Another authority^ states, ''the real danger of using a high 
sulphur steel for structural purposes, even when it has not in any 
way to be worked hot, lies in the fcu^t that, during rolling, numerous 
cracks are likely to develop, which close up and are quite imper- 
ceptible in the finished material Nevertheless, these remain as 
flaws, and may form starting-points for rupture when the material 
is subjected to any sudden stress. . • . Probably material of this 
description is one of the most dangerous that can be employed 
by the engineer, the more so that the tensile strength and elasticity, 
as evidenced by elongation and reduction of area, will give no 
indications in the majority of cases that the, material is in any 
way untrustworthy." 

" Starting with fairly good materials, with careful treatment 
manufacturers should have no difficulty in producing regularly a 
steel with about 0*06 per cent., and certainly 008 per cent is the 
very maximum that should be allowed in any steel, either for rails 
or structural purposes." 

Influmce of 6oppeT. — "Steel may contain up to 1 per cent, of 
copper without being seriously affected, but if at the same time 
the sulphur is high, say 008 to 010 per cent., the cumulative effect 
is too great for molecular cohesion at high temperatures, and it 
cracks in rolling. This tearing occurs almost entirely in the first 
passes of the ingot, so that it is of little importance to the engineer, 
who is concerned only with perfect finished material. In the 
purest of soft steels, containing not more than 04 per cent, of 
either phosphorus or sulphur, the influence of even O'lO per cent, 
of copper may be detected in the less ready welding of seams 
during the process of rolling ; but ordinarily, when the sulphur is 
below 0*05 per cent., the copper injures the rolling quality very 
little, even if present in the proportion of 0*75 per cent. In all 
cases the cold properties seem to be entirely unaffected. 

"These conclusions are not founded on any limited series of 
tests or special alloys ; they are the fruit of years of experience 
in the making of millions of tons of cupriferous steels, and it is 
quite certain that any bsmeful influence of this constant companion 
would have been felt in the many investigations which have been 
made into the mechanical equation of structural metal." 

Influence of Aluminium. — Experiments by Hadfield quoted by 

> F. W. Harboid, « The MetaUurgy of Steel," 1904. 
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Campbell show that ** after making allowances for the variations 
in other elements, it will be found that the aluminium has little 
e£kct upon the tensile strength, while it does not materially injure 
the ductility until a content of 2 per cent, is reached." 

Experiments by the latter author, however, appear to lead to 
the following conclusions : — 

''(1) The addition of one-half of 1 per cent, of aluminium 
increases the tensile strength between 3000 and 8000 lbs. per 
square inch, exalts the elastic limit to about the same proportion, 
and injures very materially the elongation and contraction of area. 
The effect both upon strength and ductility is more marked in the 
case of low than in high steels. 

'' (2) The addition of another half of 1 per cent, does not have 
much efifiact upon the ultimate strength or the elastic limit, but it 
still further decreases the ductility of the metaL" 

Infiumne of Arsenic — *' The effect of arsenic upon steel was quite 
fully investigated several years ago by Harbord and Tucker. The 
conclusions given by them may be summarized as follows : — 

''Arsenic, in percentages not exceeding 017, does not appear 
to affect the bending properties at ordinary temperatures, but 
above this percentage cold shortness begins to appear and rapidly 
increases. 

" In amounts not exceeding 0*66 per cent., the tensile strength 
is raised very considerably. It lowers the elastic limit, and 
decreases the elongation and reduction of area in a marked 
degree. It makes the steel harden much more in quenching, 
and injures its welding power even when only 0093 per cent, 
is present 

''These results have been corroborated by J. E. Stead, who 
found that between 0*10 and 015 per cent, of arsenic in structural 
steel has no material effect upon the mechanical properties; the 
tenacity is but slightly increased, the elongation and reduction of 
area apparently unaffected. With 0*20 per cent, of arsenic the 
difference is noticeable, while with larger amounts the effect is 
decisive. When 1 per cent, is present, the tenacity is increased, 
and the elongation and reduction of area both reduced. This 
increase in strength and diminution in toughness continue as 
the content of arsenic is raised to 4 per cent., when the elongation 
and reduction in area become nU.*^ 

Infiuem/ie of Manganese} — " In considering the influence of this 

> F. W. Harbofd, << The MetaUurgy of Steel,'' 1904. 
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metal on steel, it must be remembered that, unlike most of the 
other constituents, it is not an impurity originally present which 
the metallurgical treatment has fcdled to remove, but is, at all 
events in the case of all steel used for structural purposes, an 
essential constituent especially added to deoxidise the decarbonized 
metal so as to prevent its being red short. The effect which 
manganese has upon the tenacity and ductility varies very con- 
siderably with the percentage of carbon in the steel, its influence 
being much more marked in the case of high than of low carbon 
steels. In the author's opinion, for mild steel and rail steel, the 
less manganese a steel contains above that required to insure solid 
ingots and freedom from red shortness the better, and with reason- 
able care taken during the manufacture, there should not be the 
slightest difficulty in obtaining these results with 0*4 to 0*5 per 
cent, of manganese in the finished product, at all events for mild 
steel made in the Siemens furnace. ... In the case of mild steel 
required for boiler plates and for bridges or other structural work, 
an increase of manganese has a very distinct hardening effect, and 
above 0*6 per cent, begins to be dangerous, and should not be 
allowed. The tendency amongst steel makers to bring up the 
tensile strength to the specification by increasing the manganese, 
instead of the carbon, is greatly to be deprecated, and notwith- 
standing the reported excellent records of mild steel plates with 
1 per cent, of manganese, and steel rails containing more than this 
amount, engineers will be well advised to decline to accept such 
material." 

It will be evident from a consideration of the foregoing remarks 
that the relationship between the chemical constitution of mild 
steel and its ultimate resistance to tension must be of a complex 
character, and that the attempt to establish a satisfactory formula 
which shall equate the chemical and physical qualities of any 
given specimen of the material is surrounded with some difficulties. 
Several authors have proposed formulffl to this end, but it will 
suffice here to quote some of the conclusions arrived at by Mr. 
Campbell as the result of elaborate investigations based on a large 
number of experiments. For the details and methods employed, 
the reader is referred to the works of that author.^ 

These conclusions are as follows, converting pounds into tons 
per square inch : — 

> << The Mann&otnro and Properties of Structural Steel ;" also the paper read 
before the Iron and Steel Institute at New York. October, 1904. 
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The strength of pure iron/ as far as it can be determined from 
the strength of steel, is about 17'76 to 18*75 tons per square inch. 

An increase of "01 per cent, of carbon (determined by com- 
bustion) raises the tensile strength of acid steel about 0*44 tons 
per square inch, and of basic steel about 34 tons. 

The influence of manganese upon the tensile strength of acid 
steel is a variable quantity, depending not only upon its own 
percentage, but upon that of the carbon with which it is associated, 
and is indicated in the table which follows, for steels of from 010 
to 0*40 per cent, of carbon. 

TABLE No. 2. 
Acid Steel. 



Increase in tensile strength in tons per square inch corresponding to the 

percentages of manganese and carbon. 



0-10 
0-16 
0-20 
0-26 
0-30 
0-35 
0-40 



Percent^ 


1 








Magiub- 


0-42 


0-44 


0-46 


0-48 


neee. 






1 
1 




0-07 


0-14 


0-21 


0-28 




0-11 


0-22 


0-32 


0-43 




0-14 


0-28 


0-42 


0-56 




0-18 


0-36 


0-64 


0-72 




0-21 


0-42 


0-63 


0-84 




0-26 


0-60 


0-76 


100 




0-28 


0-66 


0-84 


1-14 



0-50 



0-36 
063 
0-72 
0-90 
1-08 
1-26 
1-42 



0-52 



0-43 
0-64 
0-86 
1-07 
1-29 
1-50 
1-71 



0-54 


0-56 


0-58 
0-64 


0-50 


0-67 


0-76 


0-86 


0-96 


1-00 


1-14 


1-28 


1-25 


1-42 


1-60 


1-60 


1-71 


192 


1-76 


2-00 


2-26 


2-00 


2-28 


2-56 



0-60 



0-71 
1-07 
1-43 
1-78 
214 
2-50 
2-85 



Thus for a steel of 0*35 per cent, carbon and 0*52 manganese, 
the increase would be 1'50 tons per square inch. 

An increase of O'Ol per cent, of phosphorus raises the tensile 
strength of acid and basic steel about 0*44 tons per square inch. 

The following formulffi give the ultimate strength of acid and basic 
open-hearth steel in terms of their principal chemical constituents, 
where C = 100 x per centage of carbon, P = 100 X per centage of 
phosphorus, Mn= manganese, x Mn = a coefficient for manganese in 
acid steel, of which the values are given in Table No. 2, y Mn = a 
coefficient manganese in basic steel, of which the values are given 
in Table No. 3, and B s a variable based on heat treatment. 

' The term *' pure iron " ib arbitrary, and intended to express simply the datum 
plane from wliich to start in order to find the strength of steel by a simple formula. 
*< Absolutely pure iron neyer has been, and in all probability ne?er will be, made.** 



12 



CONSTRUCTION IN MILD STEEL. 



Formula for Add Opm-hearth Steel. 
(Carbon estimated by combustion.) 

17-85+0'44C+0-44P+ajMn+E=ultimate tensile strength in 

tons per square inch. 

Farmtda far Acid Open-hearth Steel. 
(Carbon estimated by colour.) 

1776+0*508 C +0*44 P+ a; Mn+Rs ultimate tensUe strength in 

tons per square inch. 

FormiUa for Basic Open-hearth Steel. 
(Carbon estimated by combustion.) 

18*62 + 0-34 C+ 0*44 P+ 2^ Mn+Bs ultimate tensile strength in 

tons per square inch. 

FormtUafor Basic Open-hearth Steel. 
(Carbon estimated by colour.) 

1875+ 0*366 C + 0-44 P +2^ Mn+Bsultimate tensile strength in 

tons per square inch. 

In the above formula, B, the variable for heat treatment, is 
zero, in angles and plates about | inch to \ inch thick finished 
at a fairly high temperature. 

The influence of manganese upon the tensile strength of basic 
steel 13 given in the following table : — 



Pafooktage 
ofcarliOD. 



0-06 
0-10 
0-15 
0-20 
0-25 
0-30 
0-35 
0*40 



TABLE No. 3. 
Basic Steel. 



Increase in tensile strength in tons per square inch corre^KMidlng 
to the percentages of manganese and carbon. 



Peroentage 
of manga- 

DCM. 



0-35 



0-24 
0-29 
0-33 
0-37 
0-42 
0-40 
0-51 
0-56 



0-40 



0-45 



0-49 
0-58 
0-66 
0-76 
0-84 
0-93 
1-02 
112 



0-73 
0-86 
1-00 
113 
1-26 
1-39 
1-53 
1-67 



1 

0-50 


0-55 


0-98 


1-22 


1-16 


1-44 


1-33 


1-66 


1-51 


189 


1-69 


2-11 


1-87 


2-33 


205 


2-56 


2-23 


2-79 



0-60 



1-47 
1-74 
2-00 
2-27 
2-64 
2-81 
3-08 
3-35 
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As an example of the application of the above formulae, let us 
assume a specimen of open-hearth add steel of which the chemical 
analysis gives a percentage of carbon (estimated by combustion) 
of 0166, phosphorus 0*053, manganese 0*58 ; then by the formula 
we have — 

Ultimate tensile] = 17*85 +(044 x 100x0*166) +(0*44x100 
strength in tons [ x 0*053) + 1*00 (see Table No. 2) = 28*5 

per square inch j tons. 

In steels containing less than 0*25 per cent, of carbon, the 
effect of small proportions of silicon upon the ultimate strength is 
inappreciable. 

Sulphur in ordinary proportions exerts no appreciable influence 
upon the tensile strengtii. 

It will be observed, from a comparison of the above formulae, 
that phosphorus causes an addition to the tensile strength for each 
0*01 per cent, equal to that caused by carbon for each 0*01 per 
cent, and this consideration gives force to Mr. Campbell's remark 
that ** it is well not to assume the truth of aU tradition, but if there 
is one fact which seems demonstrated, it is that phosphorus will 
hide its true character in the testing machine, but wiU certainly 
make itself known at some future time." 

The great bulk of the material known as mild steel is, in 
Europe and America, produced by the following processes, viz. : — 

The Acid Bessemer process ; 
The Basic Bessemer process ; 
The Acid Open-hearth process ; 
The Basic Open-hearth process. 

The process by which high carbon steels are produced, known 
as the "Crucible," need not here be further alluded to, as the 
quality of steel produced by this method is not that used in those 
forms of construction with which this work principally deals, 
being, in fact, chiefly used in the manufacture of machine tools and 
implements, cutting instruments of keen temper and fine edge, 
and for other similar purposes. 

With regard to the above-mentioned processes, it will be 
observed that they consist of two principal divisions, viz. the 
Bessemer and open-hearth (otherwise the Siemens or Siemens- 
Martin process), each division being further subdivided into the 
processes known as acid and basic. 
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The authority previously quoted^ has defined each of these 
methods of manufacture in general terms, as follows : — 

'' The acid Bessemer process consists in blowing air into liquid 
pig-iron for the purpose of burning most of the silicon, manganese, 
and carbon of the metal, the operation being conducted in an 
acid-lined vessel, and in such a manner that the product is entirely 
fluid." 

''The basic Bessemer process consists in blowing air into 
liquid pig-iron for the purpose of burning most of the silicon, 
manganese, carbon, phosphorus, and sulphur of the metal, the 
operation being conducted in a basic-lined vessel, and in such a 
manner that the product is entirely fluid." 

" The open-hearth process consists in melting pig-iron, mixed 
with more or less wrought-iron, steel, or similar iron products, 
by exposure to the direct action of the flame in a regenerative 
gas furnace and converting the resultant bath into steel, the 
operation being so conducted that the final product is entirely 
fluid." 

We have seen that the open-hearth process may be either acid 
or basic. Of the latter the same author says — 

"The basic (open-hearth) process, as herein discussed^ consists 
in melting a charge of pig-iron, or a mixture of pig-iron and low 
carbon metal upon a hearth of dolomite, lime, magnetite, or other 
basic or passive material, and converting it into steel in the 
presence of a stable basic slag by the action of the flame, with 
or without the use of ore, and by the addition of the proper 
recarbonizers, the operation being so conducted that the product is 
cast in a fluid state." 

Amplifying the above general description, the following 
essential points of difference may be noted. In the Bessemer 
process the high temperature required for combustion and to effect 
the necessary chemical changes is maintained by blowing air 
through the molten pig-iron. 

In the open hearth no such blowing through process takes 
place, the bath of steel being exposed to the direct influence of 
the flame and intense temperature produced by the use of the 
Siemens r^enerative furnace, which forms an essential feature in 
this method of manufacture. 

When we next consider the essential differences which underlie 
the use of the terms " acid " and " basic," we find, however, points 

> H. H. Campbell, *< The lianofaoture and PzopertieB of Structural Steel." 
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of detail vrhich are of importance as r^ards the quality of the 
resultant material. 

The influences, mainly hostile, exerted by the elements of 
phosphorus and sulphur, but more especially the former, upon the 
physical qualities of the finished product have already been 
enlarged upon in the foregoing remarks. 

The extent, therefore, to which the elimination of these hostile 
influences can be carried by the various processes of steel manu*- 
facture, having regard to the original quality of the ore used, must 
consequently claim our attention, if we are to make any selection 
as to the method by which the finished product desired is to be 
manufactured. 

It is beyond the scope of these notes to enter fully into the 
complete history of the changes which take place in the contents 
of the acid-lined Bessemer converter from the commencement to 
the end of the " blow." Suffice it to say that while the original 
carbon content has been burnt out until practicsdly none is left, 
the ultimate desired percentage of carbon being obtained by 
recarbonization by means of the addition of spiegel or ferro 
manganese, the element of phosphorus remains at nearly the same 
percentage as that in the original stock of molten pig-iron or scrap 
at the commencement of the blow. 

For a given percentage of phosphorus in the finished product, 
it follows therefore that the original stock must contain no more 
phosphorus than that allowed at the finish. 

This implies the use of practically non-phosphoric ores for the 
acid process. 

The acid-lined open hearth in this respect stands on the same 
footing as the acid-Hned converter, and the original stock must 
be of known composition so far as sulphur and phosphorus are 
concerned, for there is no appreciable elimination of these elements, 
and the finished product will show a percentage equal to the 
average of the material charged. 

In the basic Bessemer process the distinctive feature of the 
basic vessel is a lining which resists the action of basic slags. 
This is usually made of dolomite, or limestone containing a small 
proportion of magnesia. 

During the earlier stages of the process of combustion the 
chemical reactions in the metal of the basic converter are 
practically identical with the reactions in the acid vessel up to 
the point when the combustion of the carbon has been carried to 
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its limit. From this point onwards to the end of the blow the 
comparison with the aoid process ceases, and the distinctive 
feature of the basic system, viz. the combustion of the phosphorus 
and sulphur, begins. The initial content of phosphorus can be 
burnt out and reduced to a desirable limit. 

Thii dephosphorization is in a similar manner the characteristic 
feature of the basic open hearth as compared with the acid open 
hearth. 

In both these basic processes it is, then, possible to use an 
initial stock of pig or scrap having a higher percentage of the 
undesirable elements than is possible in the acid processes ; or, in 
other words, a less pure ore can be utilized. 

An impoitant distinction between the converter and open- 
hearth system lies in the fact that whereas the initial charge of 
pig-iron or scrap can be converted into steel by the former process 
in from fifteen to twenty minutes, the same transformation by the 
latter process occupies some nine to twelve hours. In the opinion 
of many authorities, this difference of time exercises an important 
influence on the quality of the resulting material by reason of the 
fact that greater opportunities are afforded in the longer process of 
testing the quality at frequent stages of the process.^ 

The important question, by which of the processes can the 
best and most reliable mild steel be produced for structural 
purposes, is one which would probably be answered by British, 
American, or German steel makers from points of view not wholly 
unconnected with the great commercial interests involved in the 
supply and use, in their respective countries, of phosphoric or 
non-phosphoric ores. 

It ifiay, however, be generally admitted that for uniformity of 
quality, and general excellence of material for all purposes where 
great reliability is essential, the product of the open hearth, either 
acid or basic, stands pre-eminent. 

In support of this view a series of tests is appended, repre- 
sentative of present-day open-hearth practice in this country, and 
similar tests might be multiplied almost indefinitely. 

The tests cover, it will be seen, a large range of sections of 
structural material, such as are commonly employed in every-day 
use, and they have been exhibited at some length in order that 

* VariouB modiflflationB of the open-hearth procefls (involring the coniideratioii 
of wioiu pointB of Bteel workg practice into which it is not neoeeaary here to enter) 
are known a* the Bertrand-Thiel process, the Talbot process, the Twynam process, 
and the Monell process. 
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the student may be assured of the practical application of the 
series to the work he may have under consideration. 

The tests are the samples of a laige quantity of mild ^teel 
employed in ordinary structural work as represented and described 
in Chapters III. to VI., and are representatives of the material from 
which the majority of the girder-work, columns, roofing, etc., 
represented by the illustrations in this volume, have been manu* 
factnred.^ 

The material was supplied under ordinary commercial conditions 
by some seven or eight firms in both England, Wales, and Scotland, 
and are therefore fairly indicative of present practice in open- 
hearth work in Great Britain. The material was supplied under 
the following specification — 

All mild steel required for structural purposes is to be of 
British manufacture, made by the open-hearth process, either acid 
or basic. 

To be cleanly rolled and true to the thicknesses and sections 
specified, free fix)m scale, laminations, cracked edges, and every 
other defect. 

The edges of all plates to be cleanly sheared, except where 
otherwise specified, and truly square. The surfaces of finished 
plates to be quite fair and fiat, except where otherwise directed. 

All steel to be of such strength and quality that it shall not 
fracture under tensile stresses or with elongations less than those 
shown in the following table : — 



Deecriptloo of material. 


TenaQe atnngth in tons per 
aqnartinch. 


Elongation In 
9>iiich lencth. 




Not lest than 
26 


Not more than 




Bivet and bolt steel 


30 


Peroent. 

25 


Stripe cut lengthwise from 
beams, angles, tees, channels, 
and bare, both square and 
round ,.. 


26 


30 


20 


Strips out lengthwise or cross- 
wise from phites 


26 


30 


20 



' Theae testa, together with the chemical analysefl, were carried out bj 
Mr. R. H. Harry Stanger, Absoo. M. Inai C. E., A. M. I. Mech. £., Broadway 
Teeting Works, WeBtmiiuiter. 
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Samples selected for testing as specified above are to be planed 
parallel for a length of 8 inches. The sectional area to be fractured 
is, whenever possible, to be not less than ^ square inch. The steel 
must also be capable of bearing the following tests : — 

Rivets. — Pieces of rivet steel, heated uniformly to a low cherry 
red, and cooled in water of 82"" Fahrenheit, must stand bending 
double in a press to a curve of which the inner diameter is equal 
to the diameter of the bar tested. 

Bending cold without fracture in the manner shown in Fig. 
1, where the line AB equals one diameter of the rivet. 

Bendiug double when hot, and hammered till the two parts of 
the shank touch in the manner shown in Fig. 2 without fracture. 

Flattening of the rivet head while hot in the manner shown in 
Fig. 3 without cracking at the edges. The head to be flattened 




Fio. 1. 




Fio. 2. 



Fro. 8. 



until its diameter is two and a half times the diameter of the 
shank. 

The shank of the rivet to be nicked on one side, and bent over 
to show the quality of the material. 

Bolts and Huts. — Pieces cut from a bar, heated uniformly to a 
low cherry red and cooled in water at 80° Fahrenheit, must stand 
bending in a press to a curve of which the inner radius is equal to 
the radius of the bar tested. 

A sample bolt is to be slightly notched and bent over to show 
the quality of the material. 

When the bolts are of sufficient length in the plain part to 
admit of being bent cold, they must stand bending in a press to 
a curve of which the inner radius is equal to the radius of the bolt 
tested without fracture. 

When the bolts are not of sufficient length in the plain part 
to admit of being bent cold, the screwed part should stand bending 
cold without fracture, as follows : — 
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^ inch diameter, and under, through bxl angle of 35^ 

above ^ inch „ and under 1 inch ,, „ 30"" 

1 inch „ and above „ „ 25® 

Beams, angles, channels, tees, etc. — Strips cut lengthwise, 
Ij^ in. wide^ heated uniformly to a low cherry red and cooled 
in water of about 80® Fahrenheit, must stand bending double in a 
press to a curve of which the inner radius is one and a half times 
the thickness of the steel tested. 

This steel is also to stand suoh forge tests, both hot and cold, 
as may be sufficient in the opinion of the inspector to prove 
soundness of material and fitness for the work. 

Plates. — Strips cut lengthwise or crosswise, 1^ inch wide, 
heated uniformly to a low cherry red, and cooled in water of about 
80® Fahrenheit, must stand bending double in a press to a curve of 
which the inner radius is one and a half times the thickness of the 
steel tested. Such other tests as may be considered necessary by 
the inspector to determine the quality of the steel plates are also to 
be carried out. Samples will be taken as often and in such a manner 
as the inapector may consider necessary, and in the event of a sample 
proving unsatisfactory, it will be in the power of the inspector to 
reject the whole of the steel represented by such sample. 

Steel Castings. — Steel castings to be sound, true, and clean, 
and free from honeycomb. 

Pieces of 1 inch square, taken horn each cast or blow of steel, 
to have a breaking strain of 26 tons per square inch, with an 
elongation of not less than 10 per cent, in a length of 8 inches. 
A test piece, 1 inch square, shall be capable of bending cold in a 
press or over a slab or block with a fair surface, with the edge 
with a rounding of 1\ inch radius, through an angle of 45®. 

The castings to be thoroughly annealed by being put in a 
special furnace and carefully heated up to a bright cherry-red and 
then allowed to cool gradually. The castings are not to be taken 
out of the furnace until sufficiently cool to admit of them being 
easily handled without covering. The duration of time from 
heating to cooling to be not less than seven days. 

The castings to be afterwards slung and tested by hammering 
to ensure soundness. 

All castings to be chipped and dressed to remove roughness or 
inequalities. 

All test pieces required are to be properly shaped and prepared 
for testing at the contractors' cost. 
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TABLES OF THE RESULTS OF PHYSICAL TESTS 
ON THE ULTIMATE TENSILE STRENGTH 
AND ELONGATION OF OPEN-HEARTH MILD 
STEEL FOR ORDINARY STRUCTURAL 
WORK. 



TABLE No. 4. 
Tests on Mild Steel Angles. 



Mo. of I 

tMt. I 



DttoripUon of MCtlon talked. 



1 

2 
3 

4 
5 
6 
7 
8 

9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 



20 
21 
22 
23 
24 
25 
26 
27 
28 



I 



Mild steel angles. 
9" X 3i" X T' 



8" X 31" 



Xf 



h 



»9 



r X 4' 



n 



7"x 




f9 

tf 

X 






7" X 3" X f 



t9 



•9 



61" X 4i" 
6" X 6^^ X 
6" 



6" X 6^^ 

X 6"X 
6" X 4" X I" 



•^ 8 

8" 



99 



9« 



6" X Si" X i" 
6" X 



9» 



3"xf 



99 
99 



3tt 



6" X 3" X f 



99 
99 
99 



99 
99 
99 



5" X 5* X r 



5" X 5" X i" 
5" X 31" X i" 

2-^8 



5" X 3i' 



niUmato 

tanrito 

•tmigtii. 

ToDspcr 

•q. toeh. 



UlUoMto 

ttlonga- 

ttonin 

SfaictaM. 

Frroeot. 



30-8 
30-7 

30-1 

27-2 

26-6 

28-1 

28-6 

27-32 

26-3 

28-1 

31-3 



99 



99 



28-7 
28-7 
28*6 
28-4 
27-9 
29-7 
29-9 
29-8 
29-6 



25-0 
26-0 

25-0 
23-0 
23-0 
26-0 
24-0 
29*5 
23-0 
27-5 
230 



27-0 
27-0 
24-0 
22-0 
27-0 
26-0 
26-0 
26-0 
23-0 



28-0 


260 


30-2 


22-0 


29-1 


260 


30-0 


29-0 


29*9 


27-0 


28-7 


28-0 


28-7 


26-0 


28-6 


25-0 



RMurkB. 



Bending tests satisfaotory 



99 


99 


9f 


99 


♦• 


t9 


99 


99 


99 


99 



99 



99 



99 



99 



CccesB strength slight, 
elongation good, so 
allowed 
nding tests satisfactory 
























99 



99 



99 



99 



Somewhat above the speci- 
fied maximnm, but the 
elongation being good, 
the test was allowed 

Bending tests satisfactory 



99 


t9 


99 


99 


99 


99 


99 


91 


99 


99 


99 


99 


99 


99 


99 


99 



ITS PHYSICAL AND CHEMICAL QUALITIES. 21 







UlUuMle 


Ultimate 






mem - ^* 




tensile 


eloDga- 






No. of 
test. 


Deacrlpiloii of aecfcion tortod. 


■trtngtb. 


tioaia 


Remarks. 




Tone per 


Bischee. 










sq. Ineh. 


Percent 








Mild steel angles. 
5" X 3I" X T 










29 


29-8 


28-0 


Bending tests 


satisfactory 


30 


»» »> 


28-6 


270 


99 


99 


31 


»» »f 


28-1 


240 


99 


99 


32 


11 »» 


29-2 


25-0 


99 


99 


83 


»» »i 


29-5 


27-0 


99 


99 


34 


9t >t 


29-4 


240 


99 


99 


35 


5" X 3" X f 


29-4 


26-0 


99 


99 


36 


»t »» 


29-6 


26-0 


99 


99 


37 


4I" X 4" X f 


28-6 


25-0 


99 


99 


38 


»f If 


28-7 


24-0 


>9 


99 


39 


41" X 3i" X f 
4" X 3* X f 


26-8 


28-0 


9» 


99 


40 


29-1 


29-0 


99 


99 


41 


99 91 


29-3 


260 


99 


99 


42 


4" X 4" X f 


27-7 


29-0 


99 


99 


48 


9> 99 


30-3 


24-0 


99 


99 


44 


99 99 


27-4 


32-0 


99 


99 


45 


4" X 4" X f 


28-2 


30-0 


99 


99 


46 


t9 99 


29-7 


28-0 


99 


99 


47 


4" X 81" X f " 
4" X 4" X 1" 


28-9 


26-0 


99 


99 


48 


29-9 


27-0 


99 


99 


49 


99 99 


28-2 


260 


99 


99 


50 


4" X 3" X 1" 
4" X 3" X 1" 


29-2 


23-0 


99 


99 


51 


27-5 


25-5 


9« 


99 


52 


»9 99 


27-7 


26-0 


>9 


99 


53 


99 19 


27-9 


21-0 


99 


99 


54 


99 99 


27-4 


34-0 


99 


99 


55 


99 99 


27-7 


26-0 


99 


99 


56 


99 99 


28-0 


230 


9* 


99 


57 


99 19 


28-2 


27-0 


99 


99 


58 


99 9* 


27-8 


24-0 


19 


99 


59 


99 99 


28-8 


270 


99 


99 


60 


99 99 


300 


25-0 


99 


9» 


61 


4" X 3" X f 


28-3 


25-0 


99 


>9 


62 


99 99 


282 


29-0 


99 


99 


63 


99 99 


28-9 


25-0 


99 


99 


64 


99 M 


29-7 


23-5 


99 


99 


65 


99 99 


27-7 


29 


99 


99 


66 


99 99 


28-2 


27-0 


99 


99 


67 


99 99 


27-8 


29-0 


99 


99 


68 


4" X 8" X A" 


29-0 


21.5 


99 


99 


69 


81" X 81" X f " 


29-8 


27-0 


99 


99 


70 


99 99 


29-1 


25-0 


99 


99 


71 


99 99 


28-7 


29-0 


99 


19 


72 

1 


99 99 


27-7 


29*0 


99 


99 
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No. of 

iMt. 


DeKdpUoD of Bootion tested. 




Mild Bteel 


angles. 


73 


3i" 


X 


31" 


Xf 


74 




l» 




tt 


75 




If 




99 


76 


31" 


X 


31" 


Xf 


77 




>9 




ff 


78 




>» 




tf 


79 




»» 




ft 


80 




♦ » 




ff 


81 




» 




ff 


82 




If 




9f 


83 




>* 




ff 


84 




>f 




tt 


85 




>f 




ft 


86 




ff 




ft 


87 




t» 




ff 


88 




»» 




tf 


89 




ff 




tf 


90 




ft 




tf 


91 




»> 




f» 


92 




ff 




tf 


93 




99 




ff 


94 




ff 




ft 


95 




ff 




tf 


96 




ft 




tf 


97 




ft 




tt 


98 


31" 


X 


81' 


'xi" 


99 


Si" 


X 


si' 


'xf" 


100 




ff 




f) 


101 




ft 




f* 


102 




ft 




tf 


103 


81" X 3" 


xi" 


104 




ft 




m 
tt 


105 




9t 




tf 


106 


8i"x 


8" 


Xf 


107 


m 










tf 




99 


108 


3" 


X 


8" 


Xf 


109 








110 








WW 

9f 


111 








ff 


112 








tf 


113 








It 



UlUmate 
tensile 

strength. 

Tons per 
sq. Inch. 



Ultimate 
elonga- 
tion In 

8 Inches. 

Percent. 



Remarks. 



27-8 
28-7 
27-7 
29-0 
27-8 
28-2 
280 
261 
26-5 
27-4 
26-3 
26-7 
26-6 
26-7 
27-6 
28-6 
28-9 
30-0 
29-9 
28-7 
29-3 
291 
300 
29-1 
30-1 



30-7 
30-9 

27-9 



I 



26-0 
29-0 
29-0 
26-5 
30-0 
32 
25-0 
30-0 
30-0 
28-0 
28-0 
310 
28-5 
28-6 
32-0 
25-0 
27-5 
25-0 
28-0 
27-0 
26-0 
25-0 
24-0 
27-0 
25-0 



30-3 


25-0 


27-6 


27-0 


28-5 


26-0 


28-2 


27-0 


28*4 


28-0 


28-5 


24-0 


30-2 


24-0 


28-1 


28-0 


291 


26-0 


29-1 


26-0 


27-0 


23-0 


26-6 


29-0 


29-2 


27-0 



270 
25-0 

25-5 



Bending tests satisfactory 



ff 

•t 
ff 
tt 
ft 
ft 
t* 
tf 
tf 
ft 
tf 
ft 
ft 
It 
ft 
ft 
ft 
f» 
It 
tf 
tf 
tf 
fi 



ft 
ff 
If 
tf 
tf 
ft 
i> 
ft 
ft 
ft 
tt 

9t 
ft 
tt 
ft 
tt 
ff 
99 
ff 
99 
tt 
ff 



Excess strength slight, 
elongation good, so 
allowed 

Bound backed 

Bending tests satisbctory 



tf 
tt 

9t 

tf 
tt 
It 
tf 
tt 
ff 
99 
9f 



ft 
tf 
ft 
ff 
ft 
9f 
tt 
ff 
tf 
ff 
ff 



rEzoess strength slight, 
-I elongation good, so 
{ allowed 
Bending tests satisfactory 
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mtlinAte 


mdiDAte 




No. of 
test. 


Descilpiloa of aaotion tested. 


tendle 
strength. 


elonga- 
tion in 


Remarks. 




Tons per 


Sinohas. 








sq. Ineh. 


Peroent. 


• 




Mild steel angles. 








114 


3" X 3" X Y 


28-7 


27-5 


Bending tests satisfaotory 


115 


>» » 


27-2 


27-0 




9 99 


116 


»1 »» 


27-7 


26-0 




9 99 


117 


» »» 


29-4 


27-0 




9 99 


118 


3" X 3" X f ' 


27-2 


26-0 




9 99 


119 


9> ft 


28-2 


28-0 




9 99 


120 


f» l> 


28-9 


29-0 




9 99 


121 


»f »» 


29-8 


29-0 




9 99 


122 


>» »» 


27-5 


28-0 




« 99 


123 


»> » 


28-5 


25-0 




> 99 


124 


t9 » 


29-1 


27-0 




9 99 


125 


3" X 21" X f 


29-8 


25-0 




9 99 


126 


>» »« 


26-8 


25-0 


9 99 


127 


„ 


26-4 


22-5 


» 


9 99 


128 


3" X 2J" X ^" 
21" X 2i" X V 

4" X 21" X r 


26-1 


33-0 


9 


9 99 


129 


28-4 


26-0 


* 


9 99 


130 


27-0 


29-0 


9 99 


131 


«> 


27-3 


30-0 1 


9 99 


132 


19 n 


29-7 


27-2 ' 


9 9t 


133 


99 99 


27-0 


25-0 


9 99 


134 


99 99 


28-9 


26-0 




9 99 


135 


21" X 21" X -fs" 


29-4 


21-0 




9 99 


136 


99 99 


28-9 


22-0 




9 9« 


137 


»9 99 


28-7 


23-0 




9 99 


138 


99 >» 


29-6 


20-0 




9 99 


139 


99 99 


30-0 


28-0 




9 99 


140 


21" X 2i" X i" 
2i" X 21" X f ' 


28-9 


220 




9 99 


141 


29-0 


20-0 




) 19 


142 


99 99 


29-3 


25-0 




9 99 


143 


19 19 


28-3 


24-0 




9 «9 


144 


99 99 


28-1 


24-0 




9 99 


145 


21" X 21" X fi' 


28-6 


21-0 




9 99 


146 


99 99 


27-5 


22-0 


9 99 


147 


99 99 


28-7 


21-0 


» 


9 »9 


148 


99 99 


27-3 


25-0 


9 


9 99 


149 


99 99 


28-8 


22-0 


9 


9 99 


150 


2" X 2" X ^" 


31-1 


220 


Ezoess strength, but 
elongation good, so 
allowed 


151 


» » 


26-0 


300 


Bending tests satisfactory 


152 


2" X 11" X f 


30-7 


20-0 


Ezoess strength slight, 
elongation good, so 
allowed 
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No. of 
test. 



1 

2 
3 
4 

5 
6 

7 

8 

9 

10 

11 



TABLE No. 5. 
Tests on Mild Stebl Tees. 



Detoription of aection tasted. 



Mild steel tees. 
6" X 4" X i" 



6" X 3" X \ 



\n 






19 

• t 

>» 
91 
9» 
99 



99 

99 

«9 
99 

9} 
99 
99 
99 
99 



Ultimate UltlmAtel 
teofile I eloDga- 
Btrengtb. • tton In 
Tons per jSincbM. 
aq. inch. Per cent. 



27-6 
28-6 
27-4 
28-1 

31-3 
30-6 

26*85 

29-7 

29*3 

29-4 

31-4 



26-0 
27-0 
290 
27-5 

23-0 
28-0 

31-5 
27-0 
25-0 
28-0 
22-0 



12 


»» 99 




29-5 


310 


13 


99 99 




28*6 


31-0 


14 


9« 99 




27-6 


32-0 


15 


99 99 




27-6 


25-0 


16 


6" X 3" X 


3W 

8 


30-7 


26-0 


17 


99 99 




27-4 


27-6 


18 


99 99 




295 


26-0 


19 


99 99 




29-6 


27-0 


20 


»f »9 




271 


29-0 


21 


6" X 3" X 


8« 
8 


29-3 


29-0 


22 


99 99 




29-3 


26-0 


23 


99 99 




29-3 


310 


24 


•9 99 




29*5 


28-6 


25 


6" X 21" X 


aw 
7 


28-7 


27-0 


26 


99 99 


%# 


29-7 


25-0 


27 


91 99 




27-3 


31-0 


28 


19 99 




28-5 


28-0 


29 


I 99 99 




29-4 


29-0 



Bending tests satis&otorj 



99 



99 



99 



99 



99 



99 



(Somewhat abore the 
speoified maximnm, bnt 
tne elongation being 
good the test was 
tdlowed. 
Bending tests satisfeotoiy 



If 



99 



99 



99 



99 



99 



Somewhat above the 
specified maximnm, bnt 
the elongation being 
good the test was 
allowed. 

Bending tests satisfiMstoxy 



99 



■ « 



99 



99 



99 99 

Somewhat above the 
specified maximnm, but 
tne elongation being 
good the test was 
allowed. 

Bending tests satisfactory 



99 


99 


99 


99 


99 


99 


9« 


»9 


99 


J» 


99 


»f 


99 


99 


99 


99 


99 


99 


»9 


99 


99 


99 


99 


99 



as 




itoiy 



^ y/ 







AT 

58 
59 
60 



4" X {?• X f 

24" X 2i" X f 
r X If X ■f^ 



»» 



99 



^9 U 

27-2 
28-7 
300 



27-6 
15-0 
21-6 



«> 



9» 



Broke on the datum point 
The following test. No. 60, 
quite satiafaotory, bend- 
ing tests satisfactory 
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No. of 

tMt. 



1 

2 
3 
4 

5 

6 

7 

8 

9 

10 

11 



12 
13 
14 
15 
16 



17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 



TABLE No. 5. 
Tests on Mild Steel Tees. 



DescripUon of seoUon tasted. 



Mild steel tees. 

6" X 4" X r 

6" X 3" X r 






9f 

»> 

»l 
>» 
99 



99 
19 
f« 

99 



99 
99 
99 
99 



6" X 3" X I" 



99 99 

»9 99 

99 99 

6"x3"xf 

>» 99 

99 99 

6"x2i"xf 

99 99 

9« 9> 

99 99 

99 99 



Ultimate 

teofile 

streDgth. 



Toot per 1 8 inobes. 
aq. inch. Per cent. 



UlUmUei 
elonge- 
tion In 



Bemaifei. 



27-6 
28-6 
27-4 
281 

31-3 
30-6 

26*85 

29-7 

29-3 

29-4 

31-4 



29-5 
28-6 
27-6 
27-6 
30-7 



27-4 
29-6 
29-6 
27-1 
29-3 
29-3 
29-3 
29*5 
28-7 
29-7 
27-3 
28-6 
29-4 



26-0 
27-0 
290 
27-5 

23-0 
28-0 

31-5 
27-0 
26-0 
28-0 
22-0 



310 
31-0 
32-0 
25-0 
25-0 



27-6 
26-0 
27-0 
29-0 
29-0 
26-0 
310 
28-6 
27-0 
25-0 
31-0 
28*0 
29-0 



Bending tests satis&otorj 



91 



99 



»9 



99 



1 



»» 99 

Somewhat abore the 
specified maximnm, but 
ttie elongation being 
good the test was 
allowed. 
Bending tests satisfaotoiy 



99 



99 



99 



99 



99 



9» 



Somewhat above the 
specified maximum, but 
the elongation being 
good the test was 
allowed. 

Bending tests satisfaotoiy 



99 
■ • 



99 



99 



99 99 

Somewhat above the 
specified maximum, but 
the elongation being 
good the test was 
allowed. 

Bending tests satisfactory 



99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


»f 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 



/SjacX 




ii^ 



4^y%AJb 



>t^i 



^n f^ 



as 




»ry 



K <..■*:■ 



^ 



^^/ ^*4iic/ S^Z(LcC . 






67 
68 
69 
60 



4" X 31" X i" 

rxs'x I" 

24" X 21" X f 
^ X 11* X ^" 



»* 



99 



28-3 


zo-u 


29-3 


27-6 


27-2 


27-5 


28-7 


15-0 


300 

i 


21-5 



ff 



»» 



99 



99 



9» 



99 



Broke on the datum point 
The following test, No. 60, 
quite satiafaotory , bend- 
ing tests satisfactory 
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CONSTRUCTION IN MILD STEEL. 



TABLE No. 6. 



Tests on Mild Steel Flats. 



No. of 


DMoriptioo of wcUon 
tested. 


DlUmate 

tonelLe 

etreogth. 

Tods per 

■qoarebch. 


1 

Ultimate 

elong&tton 

in 8 inches. 

Percent. 






Mild steel flats. 






1 


18i" X i" 


29-4 


29-0 


Bending tests satisfactory 


2 


»» 


29-2 


29-5 




> 99 


3 


16" X J" 


28-9 


29-0 




9 99 


4 


»» 


28-8 


28-0 




9 99 


5 


»» 


27-7 


28-0 




» 99 


6 


t> 


28-0 


30-0 




9 99 


7 


16" X f 


29-0 


27-0 




9 99 


8 


y» 


29-7 


270 




» 99 


9 


»> 


28-6 


25-0 




9 99 


10 


»9 


28-0 


29-0 


' 


9 99 


11 


14" X f 


30-6 


26-0 




9 99 


12 


f9 


27-8 


28-0 




9 99 


13 


14" X f 


27-9 


29-0 




9 99 


14 


»» 


28-7 


26-0 




9 99 


15 


l> 


29-7 


26-0 




9 99 


16 


»l 


28-9 


29-0 




9 99 


17 


l» 


28-9 


28-0 




9 99 


18 


»9 


29-7 


27-0 




9 99 


19 


14" X f 
12" X f ' 


28*8 


28-0 




9 99 


20 


28-6 


28-0 




9 99 


21 


99 


29-8 


25-0 




9 99 


22 


12" X^" 
12" X f 


27-4 


28-0 




9 99 


23 


31-2 


230 


Although the tensile 




m 






strength is above that 
specified, the elongation 


















and bending tests are 










satisfactory. The mate- 










rial was accepted 


24 


12" X i" 


25-2 


28-0 


Tensile strength below 
that specific^, but fur- 
ther tests were satisfac- 
tory, so allowed 


25 


12" X i" 


28-1 


28-5 


Bending tests satisfactory 


26 


9t 


260 


30-0 


»* 99 


27 


99 


28-7 


290 


99 99 


28 


»t 


27-9 


25-5 


99 99 


29 


») 


25-8 


29-0 


9 


9 99 
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No. of 
test. 



30 



31 

32 
33 
34 
85 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 



Doflcriptloii of eecilon 
tested. 



Mild Bteel flats. 
12" X f 



Ultimate 

tensUe 

strength. 

Tons per 

square moh. 



11" X f 

I' 
3 



11" X ^" 






10" X f" 

10" xf 



»9 



VI 



9" X 1" 
9" X f 
9" X I" 
9" X f 
8ixr 

8|" X f 

81" Xi 
»i 

8|"X? 
8"xf 

8" X A" 
7i" X f 

W X I" 

7" X I" 
7" X I" 
7" X I" 



II 



6i" X f 
6" X f 
6" X f 



31-3 



Ultimate 

elongation 

in 8 inches. 

Per cent. 



Bemarlu. 



21-0 



27-2 


28-5 


27-0 


32-0 


28-1 


31-0 


29-5 


30-0 


29-3 


270 


30-0 


29-0 


29-5 


28-0 


29-9 


290 


28-7 


26-0 


28-5 


28-0 


28-4 


27-0 


29-5 


21-0 


30-6 


29-0 


28-3 


27-0 


28-6 


25 


27-2 


27 


27-4 


29-0 


29-0 


26-5 


27-4 


290 


29-0 


260 


30-0 


30-0 


30-4 


26-0 


29-6 


29-0 


28-0 


30-0 


27-2 


24-0 


26-6 


24-0 


30-5 


26-0 


27-0 


31-0 


27-0 


31-0 


27-2 


26-0 


28-5 


29-0 


28*6 


33-0 


28-5 


28-0 


29-7 


22-0 


30-2 


27-0 


26-7 


28-0 


28-8 


280 


26-7 


31-0 



Although the tensile 
strength is above that 
specified, the elongation 
and bending tests are 
satisfactory. Material 
was accepted 

Bending tests satisfactory 



)9 
II 
II 
l» 
II 
I) 
:l 
il 
II 
II 
II 
II 
II 
II 
II 
II 
II 
l> 
II 
>i 
II 
II 
l» 
II 
91 
19 
II 
II 
II 
19 
II 
II 
II 
II 
19 
19 
99 



91 

99 

II 

II 

99 

99 

99 

19 

99 

99 

99 

99 

91 

99 

9) 

99 

91 

19 

99 

99 

99 

»l 

91 

II 

19 

II 

99 

II 

II 

19 

99 

19 

19 

II 

99 

99 

If 
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No. of 



69 
70 
71 
72 
73 



74 
76 
76 
77 

78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
96 
96 
«7 
98 
99 
100 
101 
102 
103 



Description of Mction 
tested. 



Ultimate 
tensile 
strength. I 
Tons per | 
sqnsreuieh. 



I Ultlmste 
I elonntton 
I in 8 tDchep. 
Percent. 



Mild steel flats. 
6|" X ^" 

6" X r 

6" X i" 
6" X ^" 



6" X i" 

4" X r 

4" X I" 
31" X If 
31" X If 
31" y 1'^ 

»» 
») 
>» 
If 

n 

31" X r 

a*" X 1" 

3" X f 
3" X I" 
3"xf 

91 

3" X f 

l» 

21" V 2." 

2!" X -" 

2I" V 1" 

2!" X *" 



8 



»l 



27-2 
27-7 
27-6 
28-8 
31-2 



271 
28-5 
29-7 
30-0 
28-4 
28-0 
28-2 
28-2 
30-0 
28-6 
28-7 
27-8 
27-7 
28-6 
29-7 
28-3 
26-4 
29-2 
29-5 
29-4 
28-6 
291 
29-9 
29-0 
28-6 
27-7 
29-3 
30-1 
26-0 
31-4 



104 
106 



21" X ~" 
2I" V i* 



27-9 
27-3 



30-0 
27*0 
26-0 
26-0 
20-0 



23-0 
25-0 
24-0 
21-0 
27-0 
28-0 
26-0 
24-0 
23-0 
28-0 
25-0 
28-0 
260 
24-0 
22-0 
28-0 
260 
24-0 
25-0 
230 
22-0 
21-0 
20-0 
24-0 
28-0 
230 
21-0 
20-0 
26-0 
31-0 



260 
24-0 



Bemarks. 



Bending tests satisfiiotoiy 



rt 



»> 



t9 



99 



91 If 

The forge tests being 
satisfactory, and, having 
in view the thinness of 
the bar, the material 
was aooepted 

Bending teists satisfaotorj 



99 

>9 
99 
99 
99 
99 
99 
99 
99 
19 
99 
99 
99 
99 
99 
99 
19 
99 
9> 
9» 
99 
99 
?9 
99 
99 
99 
99 
99 



99 

99 
99 
99 
9» 
99 
99 
99 
99 
99 
99 
•9 
9» 
99 
99 
19 
91 
99 
99 
99 
99 
99 
91 
%• 
99 
99 
91 
91 



Somewhat above the speci- 
fied maximnm, but the 
elongation being good 
the test was allowed 

Bending tests satisfactoiy 



19 



99 



ITS PHYSICAL AND CHEMICAL QUALITIES. 



29 



Ko.of 
test. 



DeflcrlpUoQ of Mcilon 
tested. 



UltimAte 

tenttle 

strength. 

Tons per 

square inch. 



Ultimftte 
elongation 
in 8 inches. 

Per cent. 



Remarks. 



106 
107 
108 
109 



Mild steel flats. 

2" X r 



8 



ir 



99 



w JJt 



29-0 


28-0 


28-1 


27-0 


26-7 


27-0 


28-2 


27-0 



Bending tests satisfaotory 






»l 
9» 



TABLE No. 7. 
Tests on Mild Stsbl Channeia 







Ultimate 


Ultimate 






No. of 
test. 


Detcrlptlon of sectkm tested. 


tensile 
strength. 


elonga- 
tion fai 


Bemarka. 






Tons per 


8 inches. 










sq.lnch. 


Percent. 






Mild steel channels. 


• 








' I 


16" X 4" @ 42 lbs. 


29-3 


25-0 


Bending tests 


satisfaotory 


12"x3l"@31lbfl. 


29*3 


240 


99 


99 


3 


10" X 4 X f 


26-6 


24-0 


♦9 


99 


I ^ 


9* 99 


27-0 


25-0 


99 


99 


r ^ 


10" X 4" X r 


30-3 


30-0 


99 


99 


^ 6 


10" X 3" @ 26 Ibe. 


27-8 


28-0 


99 


99 


7 


99 »9 


28-3 


26-0 


99 


99 


8 


9" X 31 X i 


29-5 


26-0 


99 


99 


9 


99 99 


28-2 


26-0 


99 


99 


10 


9" X 3" @ 15-45 lbs. 


29-9 


25-0 


)9 


1« 


11 


99 99 


30-1 


26-0 


99 


19 


12 


99 99 


29-8 


27-0 


99 


91 


13 


99 f9 


29-5 


27-0 


99 


99 


14 


99 99 


29-6 


27-0 


99 


99 


15 


99 99 


29-5 


25-0 


99 


99 


16 


99 »9 


29-4 


25-0 


99 


99 


17 


8'x3i Xf 


30-2 


22-0 


99 


99 


18 


99 99 


29-5 


25-0 


19 


99 


19 


71" X 21" X 20i Ibfl. 
Tf X 2|" 


26-3 


30-0 


99 


91 


20 


28-3 


21-0 


99 


99 


21 


99 


28-7 


24-0 


99 


99 


22 


99 


28-1 


23-0 


!♦ 


99 


23 


' 7i"x2i" X mibs. 

Jl ^m 


26-0 


28-0 


1 

99 


99 


24 


1» 19 


29-0 


24-0 


19 


91 
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No. of 

test 



25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 



DMCripiloD of section tetted. 



Mild Bteel channels. 

r X 31" X i" 



l» 

»» 
It 
»f 
»f 



»» 
»» 
(I 

»» 



7" X 21|" X i^" X i" 
6" X 3" X f 



UlUmate 

tenillQ 

strength. 

Tons per 

sq. Inch. 



Ultlnute 
elonga- 
tion tn 

8 Inches. 

Per cent. 



I 



29-1 
29-8 
29-0 
28-3 
29-6 
28-8 
296 
28-3 
30-0 
28-1 
28-7 



27-0 
22-0 
26-0 
24-0 
24-0 
28-0 
210 
26-0 
230 
23-0 
29-0 



Bending tests satisfactory 



I 



f» 



>i 



f9 



t> 



>» 



91 



>» 



»> 



»» 



99 



99 



99 



99 



99 



99 



99 



99 



99 



99 



99 



TABLE No. 8. 
Tests on Mild Steel Bolled Joists. 





• 


Uitlmste 


Ultlmite 






No. Of 
test. 


DescripUon of section tested. 


tensae 
strength. 


elonga- 
tion In 


Bemarkft. 






Tons per 


8 Inches. 










sq. Inch. 


Per cent. 








Mild steel rolled joists. 
16" X 6" @ 62 lbs. 










1 


28-6 


30-0 


Bending tests 


satisfactory 


2 


14" X 6" @ 57 lbs. 


30-6 


25-0 


91 


99 


3 


»» 99 


28-2 


27-0 


99 


99 


4 


14" X 6" @ 46 lbs. 


27-4 


21-0 


99 


♦9 


5 


99 99 


27-4 


30-0 


19 


99 


6 


13" X 5" @ 40 IbB. 


29-7 


22-0 


99 


99 


7 


99 99 


29-4 


24-0 


99 


99 


8 


99 99 


29-6 


230 


99 


99 


9 


99 99 


29-6 


22-0 


99 


99 


10 


12" X 6" @ 54 lbs. 


29-7 


23-0 


99 


99 


11 


99 99 


28-4 


24-0 


99 


99 


12 


99 99 


28-3 


26-0 


99 


91 


13 


91 19 


28-0 


22-0 


99 


99 


14 


99 99 


28-8 


28-0 


99 


*9 


15 


»9 99 


28-9 


28-0 


99 


19 


16 


99 99 


28-8 


24-0 


99 


99 


17 


]9 99 


28-6 


21-0 


99 


99 



ITS PHYSICAL AND CHEMICAL QUALITIES. 31 



Naof 



Deicriptloii of Mction tested. 



18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
SO 
31 
32 
33 
34 
35 
86 
37 
38 
39 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 



Mild steel rolled joists. 
12" X 6" @ 54 lbs. 



«» 



»» 



»> 


»» 


f» 


M 


>» 


>9 



12" X 6" @ 44 lbs. 
12" X 5" @ 32 lbs. 



9» 
99 

99 



99 
99 
99 



10" X 6" @ 45 lbs. 



99 


99 


99 


99 


99 


• .. 


99 


»9 


99 


9» 


99 


99 


♦1 


99 


?9 


99 


>9 


99 


♦ 9 


99 


»9 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


19 


99 



10" X 5" @ 33 lbs. 
10" X 5" @ 29 lbs. 



99 



99 



99 



99 



9" X 7" @ 58 lbs. 



99 



99 



99 



99 



8" X 5" @ 30 lbs. 
8" X 4" @ 20 lbs. 
7" X 3|" @ 16 lbs. 

6" x'5" @ 25 lbs. 



Ultimate 
tensile 
strength. 
Tons per 
sq. inch. 



Ultimate 
elonga- 
tion in 
8 Inches. 
Percent. 



29-3 


280 


28-3 


220 


29-4 


24-0 


29-0 


24-0 


28*0 


28-0 


28-2 


29-0 


28-6 


29-0 


28-6 


26-0 


28-2 


23-0 


27-7 


25-0 


28-8 


28-0 


27-7 


31-0 


27-7 


29-0 


28-8 


30-0 


29-1 


300 


27-8 


29-0 


28-1 


350 


28-2 


33-0 


27-7 


28-0 


27-8 


30-0 


27-8 


29-0 


27-5 


30-0 


27-2 


31-0 


27-5 


32-0 


27-8 


34-0 


30-0 


270 


29-3 


27-0 


27-1 


26-0 


27-3 


29-0 


26-7 


30-0 


26*6 


270 


27-4 


30-0 


27-3 


29-0 


30-5 


220 


30-2 


24-0 


29-8 


27-0 


28-2 


28-0 


27-8 


28-0 


26-2 


34-0 


29-5 


260 


291 


24-0 


27-0 


23-0 


28-2 


22-0 


291 


29-0 



Remarks. 



Bending tests satisfactory 



99 

99 
99 
99 
99 
99 
99 

19 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
9» 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 



99 

99 

19 

99 

99 

»» 

19 

»9 

99 

91 

99 

99 

99 

99 

99 

99 

99 

99 

19 

99 

99 

99 

99 

99 

99 

91 

99 

99 

99 

99 

99 

99 

99 

99 

99 

91 

99 

99 

99 

99 

99 

99 
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mtlBMta 


UlUoMte 


1 


Ho.'of 

tMt. 


DMcripUon of MotioD teitod. 


taMUe 
rtrength. 


Uon^ ' 






Tom per 


SlndMi. 








sq.iDoh. 


Poroent. 






Mild steel rolled joists. 


1 
1 




62 


6" X 3" @ 13 lbs. 


30-0 23-0 


Benj 


63 


»t >» 


29-2 270 




64 


f» >» 


29-8 30-0 




65 


»» >« 


30-8 


29-0 




66 


)9 ft 


28-7 


22-0 




67 


>• >l 


28-4 


260 




68 


5" X 4^" ® 18 IbB. 


31-9 


24-0 




69 


»« »• 


28-6 


220 




70 


6" X 3" @ 15 lbs. 


300 


26-0 \ 




71 


>» f» 


29-9 


23-5 


72 


5" X 3" ® 10 lbs. 


29-5 


230 





satisfaotory 



t9 
»» 
»» 
>» 

•f 



TABLE No. 9. 
Tests on Mild Steei. Zed-anolbs. 







Ultimate 


(TUimste 




No. of 
test 


Deeoripkloii of McUon tested. 


tensile 
strength. 


eknga- 
tionln 


BflBUurks. 




Tons per 


8 Inches. 








sq. tnch. 


Percent. 






Mild steel zeds. 


\ 
t 






1 


8" X 3f X 3J" X f 


29-6 


21-0 


Bending tests satisfaotory 


2 


>t >» 


30-0 


220 




3 


«« 19 


1 28-8 


23-0 




4 


»» »9 


27-8 


230 


99 99 


5 


99 >» 


29-5 


220 




6 


99 99 


296 


230 


99 ** 


7 


99 99 


29-5 


22-0 


•9 *9 


8 


99 99 


29*8 


22-0 




9 


6" X 3i" X 8" X f 


30-0 


20-0 


99 99 


10 


99 99 


29-6 


230 




11 


99 99 


28*9 

1 


21-0 
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TABLE No. 10, 
Tests on Mild Steel Trough Flooring. 







Ultimate 


Ultimate 






Mo. 




tenaUe 


elongsp 
tionin 






of 


Deecrlptloo of seetkni tested. 


strength. 




Remarks. 


test. 




Tons per 
sq. inch. 


8 Inches. 
Percent. 








Mild Bteel trough 












flooring plates. 










1 


i Specimens represent-) 
( ing the material ) 


28-6 


27-0 


Bending 


tests satisfactory 


2 


» i> 


28-8 


24-0 




tt 


3 


f» ft 


28-3 


28-0 




tt 


4 


>» i» 


28-7 


26-0 




tt 


5 


>» >» 


30-0 


29-0 




t> 


6 


»> »» 


29-2 


27-0 




tt 


7 


i> i» 


28-9 


31-0 




tt 


8 


1* >» 


28-7 


28-0 




tt 


9 


»> »> 


28-8 


30-0 




»t 


10 


)» ft 


28*7 


26^0 




tt 


11 


ft ft 


28-4 


24-0 




tt 


12 


>» i» 


28-6 


27-0 




tt 


13 


tt ti 


30-1 


27-0 




tt 


14 


N tt 


29-6 


26-0 




tt 



TABLE No. 11. 
Tests on Mild Steel Eound Bars. 



No. 

of 

test. 


OesalpUon of seoUon 
testML 


1 

Ultimate 
tenMle 
strength. 
Tons per 
sq. inch. 


Ultimate 

elongation 

in 8 inches. 

Per cent. 




Remarks. 




Mild steel round 












bars. 










1 


61" diameter 
04 tt 


29-2 


24-0 


Bending 


tests satisfactory 


2 


29-4 


22-0 




tt 


3 


28-4 


26-0 




t» 


4 


tt 9t 


27-3 


26-0 




tt 


5 


tt It 


28-0 


260 




tt 


6 


tt tt 


29-7 


24-0 




tt 


7 


tt tt 


28-4 


26-0 




tt 


8 


tt It 


27-3 


26-0 




tt 


9 


99 tt 


28-0 


26-0 




tt 


10 


tt tl 


29-7 


24-0 


>9 


»t 



D 
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No. 

of 

teer. 


Deecrtptkm of Mctkm 
tested. 


1 

UlUmete ' 
tensile 
•tmigih. 
Tom per 

M|. iDOh. 


UldnuOe 

elflnntlon 

In 8 mcfaes. 

Percent. 


EemM-lu. 




Mild steel round 










ban. 








11 


41^' diameter 

45 9) 


28-4 


26-0 


Bending tests satisfaotorj 


12 


27-6 


300 


99 99 


13 


99 99 


29-1 


26-0 


99 99 


14 


9> 99 


29-6 


25-0 


99 99 


16 


99 99 


27-5 


270 


99 99 


16 


9f 99 


27-2 


360 


99 99 


17 


91 99 


27-6 


30-0 


99 99 


18 


4" 

* 9> 


30-0 


23-0 


99 »9 


19 


qS'T 


30-3 


26-0 


99 99 


20 


99 99 


28-4 


24-0 


99 99 


21 


9* 99 


28-8 


26-0 


99 99 


22 


8i" „ 


28-4 


28-0 


99 99 


23 


4" " 


28*2 


210 


99 99 


24 


3* ,. 


28-1 


24-0 


99 99 


25 


9> 99 


310 


150 


99 99 


26 


9* 99 


28-2 


220) 


Further tests from the 


27 


99 99 


28-6 


23-0 1 


bars from which No. 25 


28 


99 9> 


27-8 


21-5) 


was taken 


29 


99 99 


29-3 


24-0 


Bending tests satisfactory 


30 


99 99 


29-1 


260 


99 99 


31 


99 99 


30-0 


27-0 


99 99 


32 


99 9» 


29-8 


28-0 


99 99 


33 


3" 


28-6 


26 


99 99 


34 


99 99 


29-3 


27-0 


99 99 


35 


99 99 


29-2 


28-0 


99 99 


36 


99 99 


30-0 


26-0 


99 »t 


37 


9t 99 


291 


26-0 


99 t* 


38 


»9 99 


30-0 


260 


99 ft 


39 


99 »> 


29-7 


28-0 


9« >f 


40 


99 >9 


29-3 


21-0 


9t 99 


41 


99 99 


28-8 


27-0 


» 9} 


42 


99 (9 


30-0 


26-0 


99 *9 


43 


99 99 


28-7 


270 


99 )9 


44 


n" ,, 


28-8 


30-0 


99 99 


45 


99 99 


291 


310 


99 99 


46 


99 91 


29-3 


28-0 


99 99 


47 


91 99 


29-0 


26-0 


99 19 


48 


9> 99 


29-2 


27-0 


99 1) 


49 


99 99 


28-9 


28-0 


99 tl 


60 


24" .. 

91" 


29-4 


31-0 




51 


28-2 


24-0 


99 79 

99 f9 


62 


99 99 


27-9 


26-5 


19 (1 


53 


9* 99 


29-0 


25-0 


* # 9 W 

99 99 
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No. 
of 


DMoripUon orwelioik 
t«tl6d. 


UltinMto 
fteoaUe 
straigth. 
Tuna per 
■q. Inoh. 


Ultiiiule 

taiSlnchM. 
Far cent. 


Banarks. 




Mild Bteel round 










ban. 








54 


2|'' diameter 


27-9 


24-0 


Bending tests satisfactory 


55 


n » 


28-1 


25-0 


19 99 


56 


>9 >9 


28*9 


26-0 


Tests Nos. 51 to 65 in- 


57 


99 99 


28-6 


220 


olusiye are the tests for 


58 


99 99 


30*5 


220 


the tie rods shown in 


59 


99 99 


28-4 


250 


Figs. 369-372. See also 


60 


99 99 


28-4 


25-0 


test No. 67. 


61 


99 99 


27-3 


230 


Bending tests satisfactory 


62 


19 99 


27-0 


230 


99 91 


63 


99 99 


26-6 


320 


}9 99 


64 


99 99 


26-5 


310 


99 99 


65 


99 99 


27-2 


32-0 


99 99 


66 


^ : 


29-8 


26-0 


99 >« 


67 


29-7 


27-0 


99 99 


68 


la" 

*4 " 


29-0 


26-0 


>9 99 


69 


99 99 


29*8 


260 


99 99 


70 


99 99 


29-7 


270 


99 99 


71 


99 99 


29-5 


270 


99 99 


72 


n 99 


28*4 


26-0 


99 99 


73 


Ay 99 


29-3 


23-0 


99 99 


74 


28-8 


230 


99 99 


75 


99 99 


30-0 


24-0 


99 19 


76 


^X » 


27-9 


31-0 


99 99 


77 


7 » 


26-8 


28-0 


99 99 


78 


99 99 


27-1 


32-0 


99 99 



TABLE No. 12. 
Tests on Mild Steel Begtanoulab Babs. 



No. 
of DMcripttoo of Motion 



1 

2 
3 

4 



Mild steel rectan- 
gular bars. 
T* X 4" rectangular 



99 
99 



99 

9« 

99 



UltiiDAte 
taorfle 
■tnogUi. 
Tonaper 
sq. mob. 



28-0 
28*2 
28-3 
28*8 



Ultinute 
•loofation 
InSlodiet. 

PMrOOQt. 



29-0 
31-0 
30-0 
310 



RumarkH 



Bending tests satisfactory 



99 


99 


99 


»9 


99 


99 
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TABLE No. 6. 
Tests on Mild Steel Flats. 



No. of) DMcriptloD of wcUon 
test teetod. 



1 
2 
3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 



24 



25 
26 
27 
28 
29 



Mild Bteel flats. 

3 



18i" X i" 



»9 



16" X i" 



ft 



3'' 



16" X f 

91 

t} 

14" X f 
14" X i" 

»» 
99 
99 
99 

14" X f 

12" X r 



99 



12" X A" 
12" X f 



12" X i" 



12" X i" 



99 
99 
91 
9} 



DlUoMte 
tenslto 

Tom per 
■qoareiDch. 



29-4 
29-2 
28-9 
28-8 
27-7 
28-0 
29-0 
29-7 
28-6 
28-0 
30-6 
27-8 
27-9 
28-7 
29-7 
28-9 
28-9 
29-7 
28-8 
28*5 
29-8 
27-4 
31-2 



26-2 



28-1 
26-0 
28-7 
27-9 
25-8 



UUtnute 

elongatloD 

inSinchM. 

Far cent. 



29-0 
29-5 
29-0 
28-0 
280 
30-0 
270 
270 
25-0 
29-0 
26-0 
28-0 
29-0 
26-0 
26-0 
29-0 
28-0 
27-0 
28-0 
28-0 
25-0 
28-0 
230 



28-0 



28-5 
30-0 
290 
25-5 
29-0 



RftfntfkB. 



Bending tests satisfaotoTy 



99 
99 
99 
99 
9) 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
19 
99 
91 



Although the tensile 
strength is above that 
specified, the elongation 
and bending tests are 
satisfactoiy. The mate- 
rial was accepted 

Tensile strength below 
that specified, but fur- 
ther tests were satisfao- 
tor ji so allowed 

Bending tests satisfactory 



99 
99 
99 
99 



99 
99 
99 
99 
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Ko. of 
test. 



30 



31 
32 
33 
34 
85 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
06 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 



Description of Bectlon 
tested. 



Mild Bteel flats. 



12" X 



3W 



11" X f 
11" X f 

10" X f 
10" X I" 



8 






9" X 1" 
9" X f " 
9"x|'' 
9"xf' 
8jx|" 



>• 



8" 



81" xf 
Si" X i" 

>9 
99 

4" X i* 

8" X I" 

8" X A" 

7i" X r 

•a ^ a 

7" X r 

7" X I" 
7" X I" 



99 
»9 
99 



6i" X Y 
6" X I" 
6" X f 



Ultimate 

tensile 

strength. 

Tons per 

square inch. 



31-3 



Ultimate 
elongation 
in 8 inches. 

Per cent. 



21-0 



27-2 


28-5 


270 


32-0 


28-1 


31-0 


29-5 


80-0 


29-3 


27-0 


30-0 


:ia9-o 


29-5 


28-0 


29-9 


290 


28-7 


26-0 


28-5 


28-0 


28-4 


27-0 


29-5 


21-0 


30-6 


29-0 


28-3 


27-0 


28-6 


25 


27-2 


270 


27-4 


29-0 


29-0 


26-5 


27-4 


290 


29-0 


260 


30-0 


30-0 


30-4 


26-0 


29-6 


29-0 


28-0 


30-0 


27-2 


24-0 


26-6 


24-0 


30-5 


26-0 


27*0 


31-0 


27-0 


31-0 


27-2 


26-0 


28-5 


29-0 


28-6 


33-0 


28-5 


28-0 


29-7 


22-0 


30-2 


27-0 


26-7 


28-0 


28-8 


280 


26-7 


31-0 



Bemarks. 



Although the teDsile 
strength is above that 
specified, the elongation 
and bending tests are 
satisfaotorj. Material 
was accepted 

Bending tests satisfactory 



99 

91 
99 
9» 
99 
91 
t9 
99 
99 
99 
99 
99 
» 
»9 
99 
99 
99 
99 
99 
99 
9» 
99 
9» 
99 
99 
99 
99 
99 
99 
>9 
99 
99 
99 
99 
99 
99 
99 



99 

99 

99 

99 

99 

99 

99 

19 

99 

99 

99 

99 

99 

99 

99 

99 

99 

19 

99 

99 

99 

»> 

99 

99 

99 

19 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

91 
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No. of 

tMi. 



69 
70 
71 
72 
73 



74 
76 

76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
!»7 
98 
99 
100 
101 
102 
103 



104 
105 



DescriptioD of tectlon 
tMtod. 



Mild steel flats. 
5i" X i" 

5" X r 

5" X ¥ 
5" X A" 



6" X i" 

4" X I" 

4" X I" 

31" X U" 

3j" X If 

31" X ¥ 



3J" X f " 
3" X 1" 
3" X F 
3" X I" 
3" X f 
» 

»» 

3" X i" 

21" V 1" 
2I" X ^" 

2!" V 1" 

of W w 8" 
^ A 8 

»> 



intimate I 

tensile 

strength. ; 

Tons per | 

square Incfa. I 



Ultinute 
elonntioa 
in 8 inche*. 

Percent. 



27-2 
27-7 
27-6 
28*8 
31-2 



271 

28-5 

29-7 

30-0 

28-4 

28-0 

28-2 

28-2 

30-0 

28-6 

28-7 

27-8 
07.7 

28-6 
29-7 
28-3 
26-4 
29-2 
29-5 
29-4 
28-6 
291 
29-9 
29-0 
28-6 
27-7 
29-3 
301 
26-0 
31-4 



21" X ~" 
2i" X ^ 



27-9 
27-8 



30-0 
27-0 
26-0 
26-0 
20-0 



23-0 
25-0 
24-0 
21-0 
27-0 
28-0 
25-0 
240 
23-0 
28-0 
25-0 
28-0 
26-0 
24-0 
22-0 
28-0 
250 
24-0 
25-0 
23 
22-0 
21-0 
20-0 
24-0 
28-0 
230 
21-0 
20-0 
25-0 
31-0 



260 
24-0 



Remarks. 



Bending tests satisfaotory 



99 



99 



99 



19 99 

The forge tests being 
satisfactory, and, having 
in view the thinness of 
the bar, the material 
was aooepted 

Bending tests satis&ctory 



99 

>9 
99 
99 
99 
II 
99 
99 
99 
19 
99 
99 
91 
19 
99 
99 
91 
99 
91 
91 
91 
19 
19 
•9 
99 
99 
99 
99 



99 
99 
99 
99 
99 
91 
99 
99 
91 
99 
99 
• 9 
9* 
91 
99 
19 
91 
99 
99 
99 
99 
99 
91 
9» 
99 
99 
99 
9« 



Somewhat above the speci- 
fied maximum, but the 
elongation beiug good 
the test v^as allowed 

Bending tests satisfaotory 



99 



99 
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29 



Ko.of 
tesi. 



106 
107 

108 
109 



DescripttoD of section 
tested. 



Mild steel flats. 

r X i" 

2" X I" 

It 

13" V JL" 
*4 ^ le 



Ultimate 

tensile 

strength. 

Tons per 

square inch. 



29-0 
28-1 
26-7 
28-2 



Ultimate , 
elongation 1 
in 8 Inches. ^ 

Per cent. ' 



Remarks. 



28-0 
27-0 
27-0 
27-0 



Bending tests satisfactory 



If 
»» 






TABLE No. 7. 
Tests on Miu) Stesl Channkls. 







Ultimate 


Ultimate 






No. of 
iMi. 


Description of section tested. 


tensile 
strength. 


elonga> 
tlontai 


Remarks. 


WDV* 




Tons per 


8 inches. 










sq.inch. 


Pereent. 








Mild steel channelB. 








1 


16" X 4" @ 42 lbs. 


29-3 


25-0 


Bending tests 


satisfactory 


2 


12"x3l"@311bfl. 


29-3 


240 


99 


99 


3 


10" X 4 X 1 


26-6 


24-0 


•9 


99 


4 


>t »» 


27-0 


25-0 


99 


99 


5 


10" X 4" X V 


30-3 


30-0 


99 


99 


6 


10" X 3" @ 26 IbB. 


27-8 


28-0 


99 


99 


7 


n »» 


28*3 


26-0 


99 


99 


8 


9" X S| X i 


29-5 


26-0 


99 


99 


9 


»♦ »» 


28-2 


26-0 


99 


9t 


10 


9" X 3" ©16-45 lbs. 


29-9 


25-0 


99 


9« 


11 


9» » 


30-1 


26-0 


99 


99 


12 


»» »> 


29-8 


27-0 


19 


99 


13 


»> »» 


29-5 


27-0 


99 


99 


14 


99 » 


29-6 


27-0 


99 


99 


15 


>» >» 


29-6 


25-0 


99 


9« 


16 


»> » 


29-4 


260 


99 


99 


17 


8''XS1 Xf 


30-2 


22-0 


99 


99 


18 


s 


29-5 


25-0 


99 


99 


19 


! 71" X 2|" X 20i IbB. 
7f X 2|" 


26-3 


30-0 


99 


99 


20 


28-3 


21-0 


99 


99 


21 


< 99 


28-7 


24-0 


99 


99 


22 


99 


28-1 


23-0 


9« 


99 


23 


71" X 2i" X 16i lbs. 


26-0 


28-0 


99 


♦9 


24 


1 it t 
♦ f 19 


29-0 


240 


19 


99 
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UlUmate UlUiMte 






No. of 


Deflcription of tectton tnted. 


teniile 

strengtti. 

Tons per 

■q. inch. 


elonga- 
tion in 
8 inches. 
Percent. 


B«Btfki. 






Mild steel channelB. 










25 


7" X 31" X i" 


29*1 


27-0 


Bending tests satisfactory 


26 


»» f» 


29*8 


220 


•1 


It 


27 


It It 


29-0 


260 


>t 


tt 


28 


tt ft 


28-3 


24-0 ' 


99 


tt 


29 


It tt 


29-5 


24-0 


tt 


It 


30 


>t ti 


28-8 


28-0 : 


ft 


tt 


31 


It It 


296 


21-0 ' 


9t 


tt 


32 


»» »♦ 


28-3 


25-0 1 


It 


99 


33 


»t It 


30-0 


23-0 ' 


99 


tt 


34 


7" X 2if X ^'' X i" 


28-1 


23-0 1 


tt 


19 


35 


6" X 3" X i" 


28-7 


29-0 1 


91 


99 



TABLE No. 8. 
Tests on Mild Steel Bolled Joists. 



No. Of 
test 


Description of wction tested. 




Mild steel rolled joists. 


1 


16" X 6" @ 62 lbs. 


2 


14" X 6" @ 57 lbs. 


3 


91 tt 


4 


14" X 6" @ 46 lbs. 


5 


19 99 1 


6 


13" X 5" @ 40 IbB. 


7 


99 99 


8 


99 91 


9 


tt t» 


10 


12" X 6" @ 64 Ibe. 


11 


It 99 


12 


II 19 


13 


t» 19 


14 


91 It 


15 


»l It 1 


16 


t» »« 


17 


19 19 1 



Ultinute 
tensile 
strength. 
Tons per 
sq. inch. 



28-6 
30-6 
28-2 
27-4 
27-4 
29-7 
29*4 
29-6 
29-6 
29-7 
28-4 
28-3 
28-0 
28-8 
28-9 
28-8 
28-6 



Ultimate 
elonga- 
tion in 

• inches. 

Percent. 



30-0 
25-0 
270 
21-0 
300 
22-0 
24-0 
23-0 
220 
23-0 
24-0 
25-0 
220 
28-0 
28-0 
24-0 
21-0 





Etemarks. 




Bending ' 


tests 


satisfactory 


If 






91 


tt 






19 


It 






«t 


19 






tt 


tt 






tt 


tt 






tt 


91 






9t 


99 






tt 


91 






It 


91 






It 


99 






It 


It 






19 


tt 






It 



tt 

tt 

91 



tt 
It 

It 
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Ultimate 


UlUmate 




No. of 


Desoription of wctlon tested. 


tensile 
strength. 


elonga- 
tion in 




iwW* 




Tons per 


8 inches. 








sq. inch. 


Percent. 






Mild steel rolled joists. 








18 


12" X 6" @ 54 lbs. 


29-3 


28-0 


Ben 


19 


>» >» 


28-3 


22-0 




20 


99 » 


29*4 


24-0 




21 


•9 99 


29-0 


24-0 




22 


99 99 


28-0 


28-0 




23 


12" X 6" @ 44 lbs. 


28-2 


29-0 




24 


99 99 


28-6 


29-0 




25 


12" X 5" @ 32 lbs. 


28-6 


26-0 




26 


99 99 


28-2 23-0 




27 


99 99 


27-7 25-0 




28 


99 19 


28-8 


28-0 




29 


10" X 6" @ 46 IbB. 


27-7 


31-0 




30 


99 99 


27-7 


29-0 




31 


99 99 


28-8 


30-0 




82 


« • « 


291 


30-0 




33 


99 99 


27-8 


29-0 




34 


99 9« 


28-1 


350 




35 


99 99 


28-2 


33-0 




36 


»9 99 


27-7 


28-0 




37 


»9 99 


27-8 


30-0 




38 


99 99 


27-8 


29-0 




39 


99 99 


27-5 


30-0 




40 


t9 99 


27-2 


31-0 




41 


99 99 


27-5 


32-0 




42 


99 99 


27-8 


34-0 




43 


99 99 


30-0 


270 




44 


99 99 


29-3 


27-0 




45 


99 99 


27-1 


26-0 




46 


99 99 


27-3 


29-0 




47 


99 99 


26-7 


30-0 




48 


19 99 


26-6 


27-0 ! 


49 


10" X 5" @ 33 lbs. 


27-4 


30-0 




50 


99 99 


27-3 


29-0 




51 


10" X 5" @ 29 lbs. 


30-5 


22-0 


52 


99 99 


30-2 


24-0 




53 


99 »9 


29-8 


27-0 




54 


9" X 7" @ 68 lbs. 


28-2 


28-0 1 


55 


99 99 


27-8 28-0 




56 


. 99 99 


26-2 


340 




57 


8" X 5" @ 30 lbs. 


29-5 


26-0 


58 


8" X 4" @ 20 lbs. 


29-1 


24-0 




59 


7" X 3|" @ 16 lbs. 


27-0 


23-0 


60 


99 99 


28-2 


22-0 


61 


6" X 5" @ 25 lbs. 


291 


29-0 


1 



Remarks. 



Bending tests satisfactory 



99 
99 
99 
99 
99 
99 
99 

99 

99 

99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
9t 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 



99 
99 
»> 
99 
99 
»» 
99 
99 
99 
»» 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
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No. 
of 



17 



18 



21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

37 

38 
39 
40 
41 
42 

43 
44 

45 



DeMription of McUon tMtod. 



Mild steel forgings. 
CT068hea£ 

Lifting beams 



99 



»> 



>» 



Crane post 



f» 



»> 



99 



»» 



Connecting rod 

Sprocket wheel 
spindles 

Blooms 81" square ) 
X 10' 0'^ and 7" 
square x 14' 6" ) 
Engine forgings 



»9 
If 

»» 
1» 

1» 
»> 
»» 
»J 



19 
»» 
»9 
9> 
♦» 
9» 
9) 
J» 
II 
19 
>» 



Piston-rod forgings 



19 
»» 



99 

II 



Shaft forging 
Forged pins 



99 



91 



Steel tyres and axles 



99 
99 
99 
99 
99 



99 
91 
19 
99 
99 



Steel tyres 



99 



Steel crane posts 



(Jltliiuto 
tflMlto 
■Inngth. 
Tons par 
■q. iacii. 



28-8 
28-9 
31-6 
30-9 
31-6 
26-7 
29-5 
25-4 
27-9 

26-3 



27-8 

28*4 
28*4 
28-5 
28-5 
28-3 
28-4 
29-9 
28-9 
27-2 
80-0 
27-3 
27-9 
28-5 
27-4 
28-5 
27-6 
26-2 
26-3 

36-0 

36-0 
39-0 
38-0 
39-6 
40-0 

44-2 
44-1 

30-6 




41-0 
23-5 
37-0 
37-0 
23-5 
23-5 
26-0 
29-6 
82-0 

35-0 



26-0 

26-0 
26-0 
28-0 
30-0 
27-0 
28-0 
25-0 
26-0 
28-0 
250 
28-0 
27-0 
24-0 
26-0 
25-0 
28-0 
29-0 
29-0 

30-0 

28-0 
28-0 
29-0 
270 
25-0 

26-0 
20-0 

35-0 



Extension on 2 inches 

99 
99 
19 
99 
99 
99 
99 
99 
99 

For details of this wheel, 
see Figs. 413-416. 

Extension on 8 inches 



8 




2 




99 




4 




8 




99 




99 




2 




3 





99 


99 


19 


99 


99 


99 


99 


99 


99 


99 


19 


99 


91 


99 


99 


II 


99 


11 


99 


II 


99 


99 


II 


II 


91 


II 


II 


91 


11 


91 


91 


19 


II 


99 


19 


99 


91 


99 


99 


99 


99 


99 


19 


99 


99 


99 


If 


19 


99 


99 


99 



I 



99 



Bending tests cold and 
tempered satisfactory 



19 


99 


19 


99 


99 


99 


19 


99 



19 99 

(Extension taken on 3" for 
tests 37 to 42 inclusive, 
and on 2" for tests 43 
to 52 inclusive 
Bending tests satisfactory 
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Ultimate 






No. 




tendle 


UlUsurte 




of 


DMcripUon ornctioii tested. 


Bticngtb. 


extension. 


BenutflEB. 


t«t. 




Tom per 
■q. inch. 


Percent. 






Mild steel forgings. 








46 


Steel orane poets 


32-2 


29-0 


Bending tests satisfaotory 


47 


19 91 


32-8 


29-0 


99 99 


48 


99 9^ 


31-8 


33-0 


99 99 


49 


• 

99 99 


32-8 


32-0 


99 99 


60 


99 99 


32-2 


36-0 


99 99 


61 


99 99 


36-8 


20-0 


99 99 


62 


99 99 


33-4 


31-0 


99 99 

No. 62 is a re-test of No. 








61 


53 


Spring Bteel 3" X f 


451 


21-0 


Not considered satisfac- 
tory. 


64 


99 99 


62-9 


13-0 


Beplaoe of No. 63. Ex- 
tension taken on 6" for 
Nob. 63, 64 



NoTB. — ^TestB Noe. 1 to 12 represent material used in the oonBtrnotion of plant 
for marine worlu, suoh as Titans or Gk)liah8, for the handling of large oonorete 
blocks, etc. 



TABLE No. 17. 
Tests on Mild Steel fob Special Purposes. 



Ko. 
of 



1 
2 
3 
4 



6 
6 

7 



Descriptton of materkL 



ICild steel for special 

purposes. 
rHot drawn weldlees 



1 



steel hexagonal 

couplings for tie 

bolts (screwed right 

and left-handed) 

Steel bars for nuts for 

bolts. 

2" diameter 



21" 



99 



99 



Ultimate 
tcMile 
strength. . ,^ 
Tom per L.^* 



Blonn- 
tlon In 



eq. hich. 



26*42 
26-27 
26-00 
2706 



28-9 
29-9 
26*2 



Percent. 



Bemtfks. 



22-0 
24-6 
23-0 
19-5 



28-0 
28-0 
24-0 



For the details of these 
couplings, see Figs. 
Nos. 369, 370. 
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No. 
of 


DsMtf pUoo of matarUli. 


Ultlnate 
teoilla 
■trength. 
Tonspw 
■q. Ian. 


tionln 

Sindies. 

Fteotnt. 


BciDMfcl. 




Steel fiats for links for 










hauling chains. 








8 


6^" X F X 12' 1" 


31-2 


230 


Bending tests satisfactory. 


9 


>i >i 


31-6 


23-0 


10 


» 99 


31-9 


24-0 


This steel was specified 


11 


»» » 


31-6 


24-0 


to have an ultimate 


12 


91 »9 


31-1 


26-0 


tensile resistance of not 


13 


99 99 


31-2 


22-0 


less than 30 or more 


14 


99 99 


32-7 


21-0 


than 33 tons per square 


16 


99 99 


32-5 


220 


I inch, with 20 per cent. 


16 


99 9> 


31-0 


24-0 


/ extension in 8 inches. 


17 


99 99 


310 


23-0 


For the details of the 


18 


99 99 


31-0 


240 


links of the chain made 


19 


99 99 


31-2 


22-0 


from this steel, see 


20 


99 99 


31*9 


20-0 


Figs. 410, 411, 422, 423. 


21 


99 99 


32-2 


24-0 


See also Ohemical Ana- 


22 


99 99 


31-9 


26-0 


, lysis, Na 19, p. 54« 


23 


99 99 


31-9 


220 


24 
25 


Flanged nuts for chains 

99 99 


28*9 
27-0 


28-0 
31-0 


rStamped out under the 
hammer. See Figs. 411, 
423. 


26 


Flanged nuts for chains 


30-4 


310 


Bending tests satisfactory 


27 


99 99 


30-4 


30-0 


99 99 


28 


99 99 


28-9 


28-0 


99 99 


29 


Lewis bolts ^ 


291 


30-0 


99 99 


30 


19 99 


26*6 


26-0 


99 99 


31 


If 


28*4 


32-0 


99 99 


32 


Cotter bolts r 


291 


300 


99 99 



It is apparent &om a consideration of the forgoing results, 
and from numberless experiments of a similar class which might 
be quoted, that the present-day processes of steel-making have 
resulted, especially so far as open-hearth steel is concerned, in a 
material remarkable for its uniformity of quality, its high tensile 
resistance, and for the excellent elongation shown by the tests. 
The highest quality of wrought-iron bar now obtainable may 
perhaps compare with mUd steel favourably as regards ultimate 
extension, when it has been obtained from the best makers, but 
will be found to fall considerably below steel in ultimate tensile 
resistance, while inferior brands of wrought iron can oflfer no such 
comparison. 
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An instance of the gieat advance shown by the newer material 
may be foimd in the tests of plates. In the old days the 
tensile resistance of wrought-iron plates across the grain was con- 
siderably below that lengthways of the grain, while the ultimate 
extension crossways frequently did not exceed 6 per cent. ; a fact 
which had to be carefully borne in mind in the use of wrought-iron 
plate across the grain. The results of the tests on mild steel 
plates are given in the foregoing table, No. 13. It will there be 
seen that the average ultimate tensile strength of plates tested 
lengthways, Tests Nos. 1 to 45, is 28*07 tons per square inch, 
whUe the same resistance of plates tested crossways. Tests Nos. 46 
to 94, is 2803 tons per square inch. 

The average ultimate extension lengthways is 28*5 per cent in 
8 inches, and crossways is 26*23 per cent., showing a slight 
difference in extension in favour of plates tested lengthways. 

Tests Nos. 95 to 180 are the results on plates tested length- 
ways and crossways under a different contract, but a comparison 
of the averages gives a similar result to the foregoing series. 

The average ultimate tensile strength tested lengthways is 
28*82 tons per square inch, and tested crossways is 28*93. The 
average ultimate elongation in 8 inches, tested lengthways, is 
27*00 per cent., tested crossways is 25*28. 

A third series of fifty-eight experiments, representing some 
200 tons of plates from f inch to f inch thick, give results in 
accordance with the foregoing. The ultimate tensile resistance 
lengthways is 28*24 tons per square inch, with an ultimate 
extension in 8 inches of 28*6 per cent. Tested crossways, the re- 
sults are 2805 tons per square inch and 26*7 per cent, extension. 

All three series exhibit a practical uniformity in ultimate 
tensile strength, whether tested lengthways or crossways, and a 
difference of from 7 to 9 per cent in the ultimate extension in 
favour of the lengthways tests. 

Chemieal Analysis. — Beference has akeady been made to the 
relation between the chemical constitution and the mechanical 
properties of mild steel, the difficulties surrounding the problem 
of ascertaining exactly what that relationship is, and of estimating 
the ultimate strength of a given sample from an analysis of its 
chemical constituents. The resulting formula, arrived at after an 
exhaustive examination of the subject by an eminent American 
authority, has also been given on p. 12. 

The following examples of chemical analyses are given, not by 
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way of elucidating the formulae above referred to (they are, for this 
purpose, insufGicient in number), but as practical examples of the 
form of analysis met with in ordinary work, and were made on the 
same constructive material, the mechanical tests of which have 
been given in the preceding tables. The chemical analysis and 
the mechanical test were in all cases made from the same test 
piece. 

The variations to be observed are those usually found in 
practice. 

1. Chemical analysis of sample representing f" mild steel 
plate — 

Per oent. 

Carbon 0*200 

Silicon 0'019 

Sulphur ... ... 0-064 

Phosphorus 0*046 

Manganese 0*565 

Iron (by diflferenoe) 99*106 

100-000 
Tensile test of the above sample — 

Ultimate strength, 28*1 tons per square inch. 

Elongation, 30*0 per cent, in 8 inches. 
Bending tests satisfactory. 

2. Chemical analysis of sample representing ^" mild steel 
plates — 

Per cent 

Carbon ... 0*178 

Silicon ... ... ... ... ... 0-014 

Sulphur 0*074 

Phosphorus ... 0*049 

Manganese 0*497 

Iron (by difference) 99*188 

100*000 
Tensile tests of the above sample — 
Ultimate strength, 27*5 tons per square inch. 

»» >» 28*4 „ „ 

Elongation, 25*0 per oent. in 8 inches. 

260 
Mean ultimate strength, 27*9 tons per square inch. 
Mean elongation, 25*5 per oent. in 8 inches. 
Bending tests satisfactory. 
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3. Chemical analysis of sample representing f" mild steel 
plate — 



Carbon 

Silicon 

Snlphnr 

Phosphorus 

Manganese , 

Iron (by difference) 



Tensile test of the above sample « 

Ultimate strength, 26*6 tons per square inch. 

Elongation, 81*0 per cent, in 8 inches. 
Bending tests satisfactory. 



Per cent. 
0-220 
0014 
0-069 
0-060 
0-497 

99-150 

100-000 



# 

4. Chemical analysis of sample representing ^" mild steel 
plate- 



A3 




Per cent 


Carbon 




0-178 


Silicon 


... ■ • 1 


0-014 


Sulphur 


*•• »»* 


0-060 


Phosphorus 


• • • • • < 


0-066 


Manganese ... 


* ■ • ••! 


0-460 


Iron (by difference) 


99-242 



100-000 

Tensile test of the above sample — 

Ultimate strength, 27-7 tons per square inch. 

Elongation, 28*0 per cent, in 8 inches. 
Bending tests satis&ctory. 

5. Chemical analysis of sample representing mild steel plate — 

Percent. 

Carbon 

Silicon 



Sulphur 

Phosphorus 

Manganese 

Iron (by difference) 



Tensile test of the above sample — 
Ultimate strength, 29*8 tons per square inch, 
Elongation^ 27*0 per cent, in 8 inches. 

Bending tests satisCetctory. 



0154 
0-011 
0-084 
0-069 
0-454 
99-238 

100-000 



£ 
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6. Chemical analysis of sample representing mild steel flat — 

Per oent 

Carbon 0*201 

Silicon 0K)03 

Sulphur 0-036 

Phosphorus 0035 

Manganese ... 0*650 

Iron (by difference) ... 99*076 

100*000 

Tensile test of the above sample — 

Ultimate strength, 28*4 tons per square inch. 

Elongation^ 31*0 per oent. in 8 inches. 
Bending tests satisfactory. 

7. Chemical analysis of sample representing 12" x |" mild 
steel flat — 

Per cent. 

Carbon 0*170 

Silicon 0*015 

Sulphur ;.. i.. 0*079 

Phosphorus 0*043 

Manganese 0*720 

Iron (by difference) 98-973 

100*000 

Tensile test of the above sample — 
Ultimate strength, 28*7 tons per square inch. 
Elongation, 29*5 per cent in 8 inches. 
The amount of sulphur in this sample is somewhat large, but in 
other respects the composition is normal, and the bending tests were 
satisfactory. 

8. Chemical analysis of sample representing 5" x 5" x |" mild 
steel angle — 

Per cent. 

Carbon ... ... ... 0*116 

Silicon < 0'023 

Sulphur ... ... 0*034 

Phosphorus 0*042 

Manganese ... ... ... ... ... 0*684 

Iron (by difference) ... ... ... 99*101 

100*000 
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Tensile test of the above sample — 

Ultimate strength, 29*1 tons per sqnare inoh. 

Elongation, 28*9 per oent. in 8 inches. 
Bending tests satisfactory. 

9. Chemical analysis of sample representing 3^" x 3" x ^' 
mild steel angle — 

Per oent. 

Garbon ... ... ... ... ... 0*165 

Silicon ... ... ... ... ... 0*061 

Sulphur ... 0'060 

Phosphorus 0*063 

Manganese 0360 

Iron (by difference) 99*291 

100*000 
Tensile test of the above sample — 

Ultimate strength, 29*2 tons per square inch. 

Elongation, 24*0 per cent, in 8 inches. 
Bending tests satisfactory. 

10. Chemical analysis of sample representing 3" x 3" x ^" 
mild steel angles — 

Per oent. 
Carbon ... ... ... ... ... 0*316 

Silicon .... 0*053 

Sulphur 0*053 

Phosphorus 0*056 

Manganese 0*360 

Iron (by difference) 99-162 

100*000 
Tenule test of the above sample — 

Ultimate atrength, 28*5 tons per square inch. 

Elongation, 25*0 per cent, in 8 inches. 
Bending tests satisfactory. 

11. Chemical analysis of sample representing 3" x 3" x ^' 
steel angles — 

Per oent. 

Carbon ... ... ... ... ... 0*198 

Silicon ... 0-072 

Sulphur 0*047 

Phosphorus 0*062 

Manganese... ... ... ... ... 0*342 

Iron (by difference) 99*279 

100*000 
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Tensile test of the above sample — 

Ultimate strength, 29*2 tons per square inoh. 

Elongation, 24*0 per oent. in 8 inches. 
Bending tests satisfactory. 

12. Chemical analysis of sample representing 3" x 3" X ^" 
steel angles — 

Per oent. 

Carbon ... ... ... ... ... 0*200 

Silicon ... ... ... ... ... 0*080 

Sulphur 0*069 

Phosphorus 0067 

Manganese 0*468 

Iron (by difference) 99*116 

100*000 

Tensile test of the above sample — 

Ultimate strength, 28*7 tons per square inch. 

Elongation, 23*5 per cent, in 8 inches. 
Bending tests satisfactory. 

13. Chemical analysis of sample representing mild steel for 
rivets — 

Per oent. 

Carbon ... ... ... ... ... 0*130 

Silicon ... ... ... ... ... 0*026 

Sulphur ... ... ... ... ... 0*055 

Phosphorus ... 0*056 

Manganese 0*860 

Iron (by difference) 99*373 

100*000 

Tensile test of the above sample — 
Ultimate strength, 26*1 tons per square inch. 
Elongation, 28*4 per cent, in 8 inches. 

14. Chemical analysis of sample representing 7" X ^" flats — 

Per oent. 

Carbon 0*174 

Silicon 0*009 

Sulphur 0*074 

Phosphorus 0*038 

Manganese 0*547 

Iron (by difference) 99158 

100*000 
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Tensile teat of the above sample — 

Ultimate strength, 28*0 tons per square inoh. 

Elongation, 22*0 per cent, in 8 inches. 
Bending tests satisfactory. 

15. Chemical analysis of sample representing 21^' + |" flats — 

Per ooQi 

Carbon ... ... ... ... ... 0*176 

Silicon ... ... ... ... ... O'OIO 

Sulphur ... ... ... ... ... 0*073 

Phosphorus 0*042 

Manganese... ... ... ... ... 0*688 

Iron (by difference) ... 99*011 

100-000 
Tensile test of the above sample — 

Ultimate strength, 28*80 tons per square inch. 

Elongation, 31*0 per cent, in 8 inches. 

Bending tests satisfactory. 

16. Chemical analysis of sample representing 2}^'* + 2^'^ 
angles — 

Per oent. 

Carbon ... ... ... ... ... 0*169 

Silicon 0*026 

Sulphur ... ... ... ... ... 0*083 

Phosphorus ... 0*050 

Manganese 0*410 

Iron (by difference) 99-262 

100-000 
Tensile tests of the above sample — 

Ultimate strength, 29*3 tons per square inch. 

Elongation, 25-0 per cent, in 8 inches. 

Ultimate strength, 27*8 tons per square inch. 

Elongation, 240 per cent, in 8 inches. 

17. Chemical analysis of a sample representing ^" thick mild 
steel plate — 

Per cent 

Carbon 0*190 

Silicon 0-020 

Sulphur 0*072 

Phosphorus 0*064 

Manganese 0*612 

Iron (by difference) 99*042 

100-000 
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Tensile tests of the above sampU 
Lengthways, Ultimate strength, 28*6 tons per square inch. 

Elongation, 27*0 per cent, in 8 inohes. 
Crossways, Ultimate strength, 28*8 tons per square inch. 
Elongation, 24*0 per oent. in 8 inches. 

18. Chemical analysis of a sample representing f " thick mild 
steel plate — 

Per oent 

Carbon ... ... ... ... ... 0*154 

Silicon 0*009 

Salphur 0*067 

Phosphorus 0*057 

Manganese 0*468 

Iron (by difference) 99*245 

100*000 
Tensile tests of the above sample — 
Lengthways, 28*9 tons per square inch. 
Elongation, 26*0 per cent, in 8 inches. 
Crossways, 28*6 tons per square inch. 
Elongation, 28*0 per cent, in 8 inches. 

19. Chemical analysis of a sample representing 6^" X }" flats, 
used in the manufacture of links for hauling chains — 







Percent 


Carbon 




0*238 


Silicon 




0*046 


Sulphur 




0*057 


Phosphorus 




0*070 


Manganese 




0*652 


Iron (by difference) 




98*937 




100*000 


ts of tensile tests of the above sample (Analysis No. 


Breaking stiain. Elongation in 8 inches. 


Tons per square inch. 


Per oent. 


32*2 


260 





This specimen is from the same class of material represented in 
Tests Nos. 8 to 23 inclusive (Table No. 17), under the heading of 
"Steel for Special Purposes." It represents a class of steel slightly 
higher in ultimate tensile strength, and having a slightly lower 
percentage of elongation than the bulk of the material represented 
in the tables. The processes through which the steel went in the 
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manufacture of the finished link (shown in Figs. 410, 422) proved 
the excellence of the material. 

20. Chemical analysis of a sample representing 3" x 3" x %*' 
mild steel angles — 









Per cent 


Carbon 






0-166 


Silicon 






0-023 


Sulphur 






0-043 


Phosphorus 






0-053 


Manganese 






0-587 


IroD (by difference) 






99-128 



100-000 
Tensile tests of the above sample — 

Ultimate strength, 28*3 tons per square inch. 

Elongation, 25-0 per cent, in 8 inches. 
Bending tests satis&ctory. 

21. Chemical analysis of a sample representing 3^" x 3^'' x f " 
mild steel angles^ 



Per oent. 
0-128 
0-042 
0-053 
0-069 
0-635 

99-073 

100-000 



vylix LlOU •«• ••• ••* ••• (■• 

Silicon 

Sulphur ... 

Phosphorus 

Manganese... 

Iron (by difference) 

Tensile tests of the above sample — 

Ultimate strength, 29*8 tons per square inch. 

Elongation, 27*0 per cent, in 8 inches. 
Bending tests satisfactory. 

22. Chemical analysis of a sample representing ^" mild steel 
plate — 

Per oent 
Carbon 0*206 



Silicon 

Sulphur ... 

Phosphorus 

Manganese... 

Iron (by difference) 



0*038 
0-081 
0-043 
0-637 
98-995 



100-000 
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Tenmle testB of the above sample — 

Lengthways, 27*2 tons per square inch 

Grossways, 27*8 tons per square inoh. 

Elongation, Lengthways, 2*70 per cent, in 8 inohes. 
Crossways, 25*0 per oent. in 8 inohes. 
Bending tests satisfactory. 

For comparison with the forgoing mechanical tests and 
chemical analyses of mild steely the following table of the results 
of mechanical tests on wrought-iron bars, rectangular and round, 
is appended. The material here indicated represents good present- 
day practice in the manu&cture of wrought iron, and is of as high 
a quality as could be readily obtained under ordinary commercial 
conditions. As the manufacture of wrought*iron plates is no 
longer of the importance that once belonged to it, no comparison 
between the old and the modem material need in this respect be 
instituted. 

TABLE No. 18. 

Besults of Physical Tests on Wrought-iron Bars, 

Rectangular and Round. 



No. 
of 



DMCription of secUon twtod. 



2 
3 

4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 



Wrought-iron bars. ' 
/ ^ square from \ 
\ 6' 11" to 7' 8" long/. 



>» 
»» 
» 

» 
9* 
99 
99 
99 

99 

» 
99 
99 
99 



)> 
99 
99 
99 
99 
99 
99 
99 
99 
99 

99 
99 
99 
99 
99 



UlUnuto 
tensile 
strength. 
Tons per 
sq. Inch. 



22-3 

22-8 
20-3 
221 
22-6 
22-5 
22-3 
22*5 
22-3 
241 
23-C 

23-5 
23*3 
23-3 
22-3 
22-6 



Elongstion 

InSuches. 

Percent. 



12-0 

17-0 
8-0 
27-0 
24-0 
27-0 
26-0 
27-0 
26-0 
21-0 
22-0 

23-0 
23-0 
24-5 
24-0 
27-6 



Remtrks. 



These bars were speciBed 
to have not less than 
22 tons ultimate tensile 
strength per square 
inch, and 10 per cent, 
elongation in 8 inches 



Forge tests were satis- 
fietotory 

99 
99 
99 
99 
99 
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Ultlnute 






No. 




teuBile 


EloDgaUon 




of 


DMcripOon of eecUoii tested. 


strength. 


in 8 inches. 




teat. 




Tons per 
sq. Inch. 


Per cent. 






Wroughi-iron bare. 








17 


) 31" square from | 
t6'll''tor8''longf 


22-9 


21-5 


1 Forge tests were satis- 
( factory 


18 


9* »» 

Wronght-iron flats. 
4" X 21" 
41" X l|" 
31" X l|" 


23-2 


24-0 


99 


19 


23-0 


27-0 




20 


22-7 


26-0 




21 


231 


260 






Wrought-iron 
round bars. 
















22 


4|^ diameter 


22-6 


29-0 


\ 


23 


22-7 


28-0 


1 Specified to have not less 


24 


231 


23-0 


\ than 22 tons ultimate 


25 


23-9 


270 


/ tensile strength, and 


26 


11" 
^2 »» 


22-8 


34-0 


10 per cent, elongation 


27 


>» >i 


23-0 


28*5 


i 


28 


» «9 


24-9 


160 


N 


29 


*« 9) 


24-9 


20-0 


J 


80 


99 99 


25-4 


13-0 


1 For the chemical analysis 


31 


11" 


22-9 


28-0 


[ from drillings from 


32 


1 

99 99 


231 


28-0 


\ tests Nob. 28 to 36 in- 


33 




26-3 


15-0 


clusive, mixed well to- 


34 


99 99 


24-1 


170 


gether, see below. 


35 


3" 

4 *> 


26-2 


26-0 




36 


99 99 


23-9 


18-0 


. 




The followine chem 


ical anal 


ysis of 8 


\, mixture of the samDles 



whose mechanical tests are described by tests Nos. 28 to 36 
inclusiye (Table No. 18) is of interest, when compared with the 
analyses of mild st^ given above. 

Chemical analysis of a sample representing wrought-iron round 
bars I inch to 1^ inch diameter — 



Carbon 

Silicon 

Sulphur 

Phosphorus 

Manganese ... 

Slag 

Iron (by difference) 



Per cent. 
0-042 
0-118 
0-030 
0-237 
0162 
0-878 

98-533 

100-000 



58 CONSTRUCTION IN MILD STEEL. 

The results of the tensile tests are given in the Table No. 18, 
tests Nos. 28 to 36 inclusiye, the mean ultimate tensile strength 
being 24*6 tons per square inch, and the mean ultimate elongation 
20*1 per cent in 8 inches, ranging from 13 to 28 per cent. 

The student will observe in the above analysis the low 
percentage of carbon and manganese, the high percentage of 
phosphorus^ and last, but not least, the presence of slag to the 
extent of nearly 1 per cent. ; the material is, however, of good 
quality. 

The foregoing remarks on the mechanical tests and chemical 
analyses required for the determination of the quality and strength 
of structural mild steel could hardly be considered complete, even 
in the elementary form in which they have been presented, without 
a reference to that important branch of laboratory investigation, 
the microscopic examination of the structure of metals. More 
than a reference to this subject is not, however, within the scope of 
these notes, the subject demanding the discussion of refinements 
of methods and of results which are beyond the more rough-and- 
ready determinations of commercial tests and analyses. 

The results to be obtained frt)m microscopic investigation 
give ample promise of high scientific value in the future, in the 
determination of the general equations subsisting between the 
mechanical qualities, chemical constituents, and microscopic 
structure of the specimens examined, but for the everyday re- 
quirements of' the designer of structural steel-work, this method 
has not yet superseded the more ordinary process of mechanical 
testing and chemical analysis above referred to, especially when 
the comparatively small area of surface of section examined under 
even moderately high powers is taken into consideration, while the 
amount of material to be accepted or rejected is measured in tons. 

The following remarks contained in the presidential address of 
the Iron and Steel Institute for 1901 ^ are suggestive as to the pos- 
sible issue in the near future not only of the competition at present 
existing between the Bessemer and open-hearth processes, but also 
of that between the acid and basic subdivision of the latter 
process : — 

" Notwithstanding all that has been done chiefly in the direc- 
tion of securing larger output and greater regularity in the pro- 
duct, the waste in the Bessemer process remains practically the 

> Iron and Bteel Inititnte. Presidential address by Mr. Wmiam Whitwell, 
May, 1901. 
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same as it was in the early days. Although the purposes for 
which Bessemer steel (add and basic) is now being used have 
increased enormously — fully one-half the make in this country 
being used for other purposes than railway material — it seems 
probable that by reason of cheaper methods of producing steel, the 
Bessemer processes will have in future much more serious com- 
petition than has been the case in the past. The recent modifi- 
cation of the open-hearth process by Bertrand-Thiel and by Talbot, 
aided, as they are certain to be, by the labour-saving appliances 
already in successful operation, seem to indicate that we are now 
on the verge of effecting still greater economies in our steel-pro- 
ducing methods, and uiUess some means can be devised of reducing 
the waste in the Bessemer converters, the Bessemer processes, 
which have served the world so well in the past, are likely to be 
superseded. 

"For regularity and reliability of product the Siemens acid 
steel process stands pre-eminent. By far the greater part of the 
open-hearth steel in this country is made by this process, owing 
to the facilities for obtaining a cheap and efficient supply of 
hematite pig-iron, and so long as such conditions continue to 
exist it will undoubtedly hold its own. But the basic open-hearth 
process is advancing with rapid strides, and is seriously challenging 
the position of the acid process as regards the cheapness of its 
product ; and this fact, coupled with what I have already said on 
the question of the pure ore supply, would seem to point to the 
conversion of many acid hearths into basic at no very distant date. 
In the developments of the iron and steel industries in the future 
the basic Siemens process will no doubt claim most attention." 

In connection with the remarks of the authority above quoted, 
the following comparison of the total outputs of steel in the United 
Kingdom, Grermany, and the United States for the year 1899 will 
be found of interest : — 

The total amount of steel manufactured in Great Britain in 
the year mentioned was 4,855,325 tons. Of this amount 1,825,074 
tons were produced by the Bessemer process and 3,030,251 tons by 
the open-hearth process. Of the Bessemer process 71*6 per cent, 
was acid and 28*4 per cent, basic steel. Of the open-hearth 
process 90*3 per cent was acid and 9'7 per cent, was basic steel. 
The Bessemer process produced in 1899 about 37 per cent, of the 
whole amount manufactured, whereas ten years previously, in 
1889, its percentage of the gross output was 60. 
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In Germany the total production of steel in 1899 amounted to 
6,290,434 metric tons. Of this amount 63*2 per cent, was basic 
converter, 26*9 per cent, basic open-hearth, and 9*9 per cent, was 
acid Bessemer. 

In the United States for the same year the total production of 
steel was 10,662,170 tons of 2240 lbs. Of this amount 71*7 per 
cent, was Bessemer, 27*7 per cent, was open-hearth, and 1*2 per 
cent, crucible and special steel. Of the open-hearth steel 70*6 
per cent, was basic and 29*4 per cent, was acid steel. In 1902 
the total production of steel in the United States amounted to 
14,994,200 tons, of which 5,687,729 tons were open-hearth, or 
nearly 38 per cent, of the total quantity. Of the open-hearth 
steel 21 per cent, was acid and 79 per cent, basic. 

In 1904, the total production of steel in the United States 
amounted to 13,859,887 tons, of which 566 per cent, was Bessemer, 
42'7 per cent, was open-hearth, and 0*7 per cent, was crucible or 
special steel. Of the open-hearth steel manufactured in the 
United States in 1904, 86*4 per cent, was basic and 136 per cent, 
was acid. Practically all the Bessemer steel was acid. 

In Great Britain, the total production of steel in 1904 was 
5,026,879 tons, of which 35*4 per cent, was Bessemer and 64*6 
per cent, was open-hearth. 

Of the open-hearth steel manufactured in Great Britain in 
1904, 796 per cent, was acid and 204 per cent, was basic. 

Cast SteeL — This most valuable material has of late years come 
into prominent use in a variety of forms, although in ordinary 
building construction the expense attending its adoption has been, 
and still is, the principal obstacle to its extended use in that 
direction. A material possessing some four times the direct 
tensile resistance of ordinary cast iron, and a range of elasticity to 
which cast iron ofifers but little parallel, appears at first sight an 
ideal metal to be cast into constructional forms. But, as above 
stated, the high price of steel castings at present forms an efifective 
commercial obstacle to any rivalry with the cheaper metal in 
ordincuy construction. There are also other facts to be taken into 
account which somewhat discount the advantages of increased 
strength and elasticity. These are, in the present stage of the art of 
steel-founding, first, the want of finish on the exterior of the casting, 
the roughness of the surface contrasting somewhat unfavourably 
with the smooth finish obtainable on the skin of a good casting in 
iron — a result commonly supposed to be due to the high temperature 
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of cast steel, and its injurious effect upon the surface of the 
mould exposed to the intense heat and attrition of the molten 
metal. The second defect, of a more vital nature, is one which 
probably causes the inspectors and users of this material consider- 
ably more anxiety than the want of external finish. It consists in 
the almost invariable presence of gas-holes, or, as would be called 
in iron castings, air- or blow-holes, more or less numerous, mainly 
of small dimensions, but frequently not showing themselves on 
the surface of the casting until machining has revealed their 
existence, and possibly not even then. 

The judgment of the inspector wiU frequently be exercised as 
to the extent to which such defects may be considered to affect the 
soundness of the casting, and an indiscriminate rejection of work 
on this ground only is generally considered an impracticable course 
to adopt in the present condition of steel founding. 

The problem will again and again present itself to the mind of 
the inspecting official as to how far a gas-hole manifesting itself on 
the surface, let us say of a machined casting, may extend into the 
body of the work, what may be its cubic capacity or its ramifica- 
tions, and to what extent is it likely to interfere with the practical 
soundness of the casting, and with its fitness for the purpose for 
which it has been designed ? 

When the depth of such a defect cannot be well ascertained 
by pricking with a wire, owing possibly to its crooked shape, a 
measure of its cubic capacity may be obtained by pouring water 
into the hole, and observing the volume of water absorbed. 

But when every allowance has been made for the defects above 
mentioned, it must still be conceded that the high tensile resistance, 
elasticity, and toughness of this material render it extremely 
valuable under certain conditions. 

But little is at present known as to its compressive resistance 
in the form of long columns, or in the compression flange of simple 
girders, and the proportions of girder flanges determined by the 
early and well-known experiments of Hodgkinson would probably 
require considerable modification in the use of cast steel for simple 
H-shaped girders. 

In machinery and engine work the use of cast steel is extensive 
and various. Spur wheels of all sizes up to large diameters are in 
frequent use, though the high rate of shrinkage of cast steel as 
compared with cast iron gives some little trouble in this direction 
occasionally. 
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Mitre wheels, small gearing and clutches, and generally details 
exposed to severe shock are all instances of its use. 

In ship construction we have perhaps the finest examples of 
the use of this material in large and complicated castings often of 
several tons in weight, as in rambow castings, screw frames 
(known in the shipbuilding yard as " spectacles "), rudder frames, 
and the like. 

In the Table of tests which follows, a considerable variety of 
purposes to which this material has been applied will be observed. 
Thus in Table No. 20, tests Nos. 1 to 40, we find a series of tests 
of steel castings used for pawl racks in slipways for hauling craft 
up for repairs having a displacement of some 200 tons or more. 
The racks having to resist the shock of the pawls in the event of 
the hauling apparatus giving out, were required to be of a tough 
and very strong material, and cast steel was used for the purpose. 

In Table No. 20, tests Nos. 41 to 97, we have a series of 
tests on cast-steel bollards for mooring purposes on a wharf or 
breakwater wall. 

Tests Nos. 270 to 272 are the results from castings for wheels 
to bogie waggons carrying concrete blocks of 50 tons weight. 
These are small wheels of crucible cast steel. 

Tests Nos. 98 to 193 are from steel castings for the roller 
paths of large sliding caissons for dock entrances, these paths 
being laid tmder water. Tests Nos. 194 to 226 are from the roller 
castings themselves. 

Specimens from cast-steel cylinders for hydraulic rams, and 
their covers, together with various other items of machine con- 
struction, also find their place in the tables. 

In several cases the details of these castings are found in the 
illustrations referred to, in order that the student may fully realize 
the class of work to which the tests have reference. 

It is perhaps unnecessary to remark that when cast steel is 
specified, it is desirable to be sure that cast steel is supplied. All 
is not cast steel that is called by that name. 

An examination of tests Nos. 1 to 8 in Table No. 20 will show 
considerable fallings off in the metal offered from the specified 
standard, but the improved results successively indicated in tests 
Nos. 9 and onward show the beneficial result of a steady adherence 
to the requirements of the specification. 

The tests applied to steel castings usually consist of tensile 
and bending tests on specimens cast on the castings and cut off 
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for that purpose after annealing. Large castings are frequently 
hammered, or let fall from a height, to test their soundness. 

The annealing of steel castings is frequently adopted, the 
castings being re-heated in a specially constructed furnace, and 
allowed to cool gradually for certain specified periods. All the 
tests enumerated in the following tables are on annealed speci- 
mens. 

The bending tests are commonly carried out on square or 
round bars bent cold by an hydraulic press over a curved block, 
the radius of which is specified, and it is well for the student in 
drawing up his requirements in this particular to be clear as to 
the meaning of the clause defining the angle through which the 
bar is to bend. Thus to specify that a bar shall bend to an angle 
of 45^ appears to leave it an open question as to whether it shall 
bend through an angle of 45*^ or through an angle of 135*^. The 
use of the term "interior angle," or, better still, the figured 
diagram, will, however, leave the requirement intelligible and free 
from dispute. Considerable variations will be observed in the 
tables with respect to the angles bent through, as compared with 
the ultimate elongation in tensile tests, and the causes of this 
variability are not very obvious. It is possible, however, that 
they are partly due to differences of conditions in the process of 
annealing, llie following table, No. 19, shows, in general terms, 
the practice with respect to annealing of steel castings, position of 
test-pieces, etc., of five of the leading cast-steel manufacturers in 
this country at the present time. 
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The great advantage possessed by cast steel over cast iron in 
the ductility exhibited even by the smallest angle bent through, 
given in the table, is sufficiently obvious. 

Fig. 4 is an elevation of a typical specimen of cast-steel test 
bar nominally 1 inch square, bent by hydraulic pressure over a 
block having a radius of 1 J inch, to an interior angle of 70°, and 
remaining unbroken. 

Fig. 5 is a section of the bar on the line a-h, showing the 




Fio. 4. 
Scale, half full fixe. 




FiQ. 5. 
Soale, half fall size. 




Fia. 6. 
Scale, half full dsie. 



section of the bar, with its square edges machined or filed off. 
(The whole bar was machined.) Fig. 6 gives the section through 
the bend of the bar on the line c, d, and shows the flow of material 
due to the process, the concave fibres in compression being laterally 
extended, while the convex surface is contracted, accompanied by 
a slight hoUowness in the sides, the whole figure well exhibiting 
the ductility of the material. 

The tensile tests are made in the usual way on specimens 
which are sometimes 8 inches in length between the shoulders, 
but more commonly 2 inches in length, the latter dimension being 
that usually preferred by the steel founder, as being more advan- 
tageous from his point of view. 

F 
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TABLE No. 20. 
Tensile and Bending Tests on Cast-steel Bars. 

All bars machined approximately 1 inch square (with the 
exceptions described) for bending tests, and prepared in the usual 
way for tensile tests. 

Bending tests were made over a block having a radius of 
l}i inch, and were bent cold under hydraulic pressure. All 
specimens, both for bending and tensile tests, were annealed with 
the castings which they were intended to represent. 

The material for the greater part of the castings was supplied 
under the specification given on p. 19. 



No. 

of 

taft. 


DeMrlption 
ofeuong. 

J Pawl 1 
1 racks f 


UlUmata 
tensila 
Btrength. 
Tons per 
sq. inch. 

18-7 


EloDgatioD 

lo 8 iDcbea. 

Percent. 

5-0 \ 


Eloogatlon 

in 
ainchea. 
Far cant. 


Angle 
through 

which teat- 
piece WM 

bent. 
Dagreea. 


Bamarka. 


1 






All these results 


2 


18-7 


3-1 






being so much 


3 


9) 

• • 


19-8 


3-7 






below the spe- 


4 
5 




22-5 
24-0 


2-25 
4-25 


•• • 
1 


•• • 


cified require- 
* ments, the 


6 




24-2 


3-75 






castings repre- 


7 

8 


»9 


23-3 
21-8 


2-75 
2-5 ' 






sented were 
^ rejected 


9 


»» 


32-5 


14-76 






Good fracture 


10 


)) 


26-75 


10-50 






>9 


11 


»9 


37-50 


16-75 






1 

1 
99 


12 


» 


26-90 


9-75 






)9 


13 


9» 


27-60 


16-76 






99 

'Below the spe- 


14 


>9 


29-75 


8-0 






cified eloDga- 
tion 


15 


»» 


32-1 


18-75 






Good firaoture 


16 


»» 


32-2 


20-5 






99 


17 


19 


33-6 


20-0 






99 


18 


9» 


33-9 


20-76 






99 


19 


9? 


33-85 


11-0 






99 


20 


»» 


32-45 


12-0 






99 


21 


» 


31-5 


22-2 






99 


22 


»» 


31-1 


13-6 






99 ' 


23 


»» 


31-1 


21-25 






9» 


24 


»» 


30-9 


23-25 






i 
»9 1 
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No. 

of 

tert. 


Dcfcription 
ofeaating. 


Ultimate 
teodle 
strength. 
Tone per 
sq. Inch. 


Elongation 

In 8 Inches. 

Per cent. 


2 Inches. 
Per cent. 


Angle 

through 

irbich teet- 

pieoe was 

bent. 
Degrees. 


Remarks. 


25 


i Pawl ) 
t raoks ) 

99 


29-1 


23-0 


••« 


• •• 


Good fracture 


26 


29-0 


23-5 


••• 


• !• 


99 


27 


9> 


30-2 


19-75 


••• 


• «• 


99 


28 


*» 


28-6 


19-5 


••• 


• •• 


9» 


29 


»* 


29-8 


231 


••• 


• •• 


99 


30 


9» 


29-2 


19-5 


• ••• 


• •1 


»9 


31 


»» 


31-0 


230 


••• 


• •• 


99 


32 


f» 


30-4 


24-5 


••• 


• •• 


99 


33 


yy 


321 


21-8 


■•• 


• ■• 


99 


34 


»t 


32-0 


20-5 


••• 


• •• 


99 


35 


9» 


31-5 


19-0 


••« 


• •• 


99 


36 


» 


32-0 


21-75 


••• 


• •• 


99 


37 


»» 


31-76 


24-75 


••• 


• •• 


99 


38 


i> 


33-25 


21-5 


• •■ 


• • • 


99 

i Broko outside 
] datum points 


39 


99 


27-85 


• •• 


••• 


• •1 














These speoi- 














mens were cut 














from the racks 














themselves, 


40 


99 


34-15 


22-25 


•• • 


• •• 


/ and not from 
runners cast 
at the same 
time as the 

\ raoks 


41 » 


Bollards 


31-8 


••• 


26-0« 


105 




42 


99 


31-02 


••• 


26-0 


95 




43 


99 


32-8 


••• 


21-0 


90 




44 


99 


31-6 


••• 


21-5 


115 




45 


99 


33*25 


••• 


20-0 


110 




46 


99 


32-9 


••• 


20-5 


120 




47 


99 


31-9 


••• 


150 


90 




48 


99 


31-8 


••• 


170 


88 




49 


99 


31-55 


••• 


150 


87 




50 


9» 


32-4 


••• 


16-5 


105 




51 


99 


32-6 


••• 


16-0 


100 




52 


99 


31-85 


••• 


16-0 


102 





> Test Nob. 41 to 68 inoliuive for bending were made on bars ] inch to }( inch 
aqoare. Bending tests Koe. 64 to 97 inolndTe were made on 1 inch diameter 
ronndbars. 

' Speoimens for testing in tension were from 0*74 to 0*81 inch in diameter, and 
ftom 0'48 to 0'51 square inch in area. 
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No. or 

tMt 


DcMriptton 
ofoMUnc 


UlUiMte 
teadto 

ttTCBCth. 

Tons per 
■q. iBoh. 


Klongttlon 

In 8 Inches. 

Fir cent. 


Elongation 

In 
Sinohet. 
Ber cenlh 


Angle 

throagh 

wblohteet- 

pleoewM 

bent. 
Degreee. 


Bflffiertf. 


53 


Bollards 


29-6 


16-0 


110 






54 


99 


30-4 




14-0 


115 




55 


99 


29-4 




18-0 


105 




56 


99 


32-6 ■ 




18-0 


105 




57 


99 


32-76 




170 


110 




58 


99 


31-80 




17-0 


105 




59 


99 


32-75 


Z 18-0 


95 




60 


99 


32-90 


19-0 


105 


Sound 


61 


99 


31-8 


17-0 


110 


99 


62 


• 9 


31-6 




18-0 


105 


Broke 


63 


99 


31-3 




160 


100 


Sound 


64 


99 


33-5 




19-0 


96 


99 


65 


99 


34-6 


••• 


18-5 


105 


Broke 


66 


99 


33-4 1 ... 


14-5 


96 


99 


67 


99 


34*8 


... 


18-0 


105 


Sound 


68 


99 


28-8 




18-0 


100 


Broke 


69 


99 


30-0 


16-0 


100 


Sound 


70 


99 


28-8 




19-0 


113 


Broke 


71 


99 


33-8 




16-0 


100 


Sound 


72 


99 


34-3 




16-0 


90 






73 


99 


30-9 




24-0 


90 






74 


19 


30-6 




23-0 


90 






75 


99 


30-5 




250 


90 






76 


99 


33-3 


... 


26-0 


90 






77 


99 


32-0 




26-0 


90 






78 


99 


32-9 




22-0 


95 






79 


99 


32-2 




23-0 


90 






80 


99 


32*4 


... 


26-0 


90 






81 


99 


32-2 




230 


90 






82 


«> 


32-5 




20-0 


90 






83 


99 


32-0 




27-0 


90 






84 


99 


30-8 




24-0 


90 






85 


99 


32-3 




23-0 


90 






86 


99 


33-0 




30-0 


90 






87 


99 


33-8 




25-0 


90 






88 


99 


330 




28-0 


90 






89 


99 


33-7 




21-0 


90 






90 


99 


34-2 




27-0 


90 






91 


99 


33-9 




22-0 


90 






92 


99 


34-2 




26-0 


90 






93 


99 


32-2 




26-0 


90 






94 


99 


35-2 




21-0 


90 






95 


99 


34-2 




23-0 


90 






96 


99 


331 




23-5 


90 






97 


99 


33-2 




23-0 


90 







ITS PHYSICAL AND CHEMICAL QUALITIES. 
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No. of 
test. 


DeecriptloD 
ofcMting. 


Ultimate 
tensile 
strength. 
Tons per 
■q. inch. 


Elongation 

inslnche*. 

Percent. 


ELonption 

a inches. 
Percent. 


Angle 
through 
which test- 
piece was 

bent. 
Degrees. 


Remarks. 




BoUer^ 












98 


path 
oastings ' 


32*2 


••• 


19-0 


45 


Sound 


99 


>i 


29-6 


• • • 


28-0 


50 


99 


100 


i> 


29-0 


••• 


14-0 


50 


99 


101 


>i 


31-3 


••• 


190 


50 


99 


102 


»» 


28-9 


••• 


13-0 


51 


99 


103 


»> 


33-5 


11-5 


••• 


45 


Broke 


104 


If 


310 


• • • 


28*0 


50 


Sound 


105 


11 


291 


12-5 


••• 


50 


99 


106 


>» 


30-3 


••• 


29*0 


50 


99 


107 


>9 


291 


••• 


31-0 


60 


99 


108 


1> 


27-3 


••• 


190 


60 


99 


109 


99 


29-4 


12-0 


••• 


70 


Broke 


110 


9> 


31-3 


••• 


28*0 


57 


Sound 


111 


99 


33*2 


10-5 


#•• 


50 


Broke 


112 


19 


29-5 


20-0 


••• 


75 


99 


113 


99 


31-8 


21-0 


••1 


70 


99 


114 


99 


30-2 


!•• 


30-0 


50 


99 


115 


99 


28-8 


26*0 


••• 


48 


Sound 


116 


99 


270 


13-5 


••• 


51 


99 


117 


99 


29-4 


13-5 


••• 


75 


Broke 


118 


99 


32-2 


••• 


16*0 


45 


Sound 


119 


99 


29-2 


26-0 


••• 


50 


99 


120 


99 


29-3 


15-0 


••• 


55 


Broke 


121 


99 


29-5 


16-0 


• •• 


50 


Sound 


122 


99 


33-3 


••• 


18*0 


50 


Broke 


123 


99 


31-6 


15-0 


••• 


40 


99 


124 


99 


31-7 


••• 


14-0 


35 


99 


125 


99 


31-6 


14-0 


••• 


80 


99 


126 


99 


34-0 


130 


••• 


70 


99 


127 


99 


31-7 


••• 


29-0 


125 


99 


128 


99 


29-2 


••• 


25-0 


100 


99 


129 


99 


31-6 


14-0 


••• 


125 


Sound 


130 


99 


29*9 


• •• 


150 


70 


Broke 


131 


99 


29*6 


10-0 


• !• 


90 


99 


132 


99 


30*6 


150 


• •• 


90 


Sound 


133 


99 


29*7 


12*0 


• •• 


135 


99 


134 


•9 


30-7 


« • • 


24-0 


145 


99 


135 


99 


33*3 


13*0 


••• 


65 


Broke 


136 


99 


34-2 


14*0 


••• 


140 


Sound 


137 


99 


29*1 


110 


... 


145 


99 



^ The detaiU of these roller paths are g^veii in Figa. 403, 404, and a descrip- 
tion wiU be found on p. 410. 
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No. of Description 
test. of casting. 


1 

Ultimste 
tensile 
strength. 
Tons per 
sq. inch. 


1 

Elongsftlon 

in 8 inches. 

Ptfcent. 


1 

Elongation 

in 
9 inches. 
Percent. 


Angle 

throogh 

which test- 

pieos was 

bent. 


Bsmaiks. 


1 

1 






Degrees. 


J 

1 




/ Boiler ] 












138 


path 
ioastiogs' 


29-9 


••• 


120 


46 


Broke 


139 


»» 


33-7 


•• • 


160 


50 


99 


140 1 „ 


29-7 


10-0 


••• 


70 


99 


141 


ft 


30-5 


• •• 


30-0 


55 


99 


142 


>9 


30-5 


• •• 


150 


130 


99 


143 


»9 


29-7 


10-0 


••• 


70 


99 


144 


99 


31-2 


11-0 


••• 


75 


99 


145 


99 


281 


• •• 


280 


145 


99 


146 


99 


31-1 


••• 


160 


80 


99 


147 


99 


29-8 


12-0 


• •• 


75 


99 


148 


»» 


30-2 


••• 


20-0 


145 


Sound 


149 


. 261 


!•• 


8-0 


85 


Broke 


150 


99 


27-8 


• •• 


10-0 


70 


99 


151 


99 


29-6 


• • • 


18-0 


70 


99 


152 


»> 


29-2 


• •• 


230 ! 


95 


99 


153 


99 


31-5 


• •• 


19-0 , 


95 


99 


154 


9> 


31-2 


• •• 


16-0 


90 


Sound 


155 


99 


29-6 


■ • • 


10-0 


90 


Broke 


156 


>» 


27-9 


17-0 


••• 


100 


99 


157 


! 29-9 


••• 


240 


75 


99 


158 


9> 


30-5 


••• 


19-0 


55 


99 


159 


99 


321 


•• • 


21-0 


60 


99 


160 


99 


32-4 


••• 


20-0 , 


105 


99 


161 


99 


28-5 


••• 


10-0 


45 : 


>9 


162 


99 


33-9 


•*• 


24-0 . 


45 


99 


163 


»» 


30-5 


••• 


17-0 1 


105 . 


99 


164 


99 


28-0 


••• 


21-0 ' 


70 


99 


165 


99 


30-2 


••• 


29-0 ' 


52 


Sound 


166 


31-7 


15-0 


••• 


75 


Broke 


167 


310 


••• 


160 


110 


Sound 


168 


300 


13-0 


••• 


95 


99 


169 


99 


32-2 


120 


••• 


90 


n 


170 


29-2 


190 


••• 


70 


Broke 


171 „ I 31-5 


••• 


17-0 


65 


Broke 


172 j „ 


271 


10-0 


••• 


65 


99 


173 


99 


28-7 


• •• 


15-0 


80 


Sound 


174 


99 


27-6 


13-0 


••• 


60 


Broke 


175 


27-7 


25-0 


••• 


55 


99 


176 




32-9 


••• 


16-0 


80 


99 


177 




30-2 


••• 


20-0 


135 


Sound 


178 




31-2 


11-0 


••• 


75 


Broke 


179 




28-9 


110 


••• 


62 


99 


180 




30-1 


13-0 


••• 


52 


»9 



ITS PHYSICAL AND CHEMICAL QUALITIES. 
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No. of 
teat. 


JDoseriptton of 
casting. 


Ultlnutte 
tansUe 
strength. 
Tons per 
sq. Inch. 


£l(Higatlon 

in 8 Inches. 

Per cent. 

11-0 


Elongation 

inamches. 

Percent. 

••• 


Angle 
through 
which test- 
piece was 

bent. 
Degrees. 

76 




181 


(Boiler path) 
( castings ) 


28-4 


Broke 


182 


» 


28-3 


12-0 


••• 


67 


i» 


183 


Y) 


28-7 


10-0 


••• 


122 


Sound 


184 


»1 


32-2 


••• 


26-0 


65 


Broke 


185 


9> 


28-0 


10-0 


••• 


95 


9> 


186 


91 


31-2 


• •• 


25-0 


77 


91 


187 


» 


30-0 


11-0 


••• 


75 


91 


188 


11 


32-0 


15-0 


••• 


145 


Sound 


189 


» 


27-5 


18-0 


••• 


40 


Broke 


190 


91 


27-6 


8-0 


••• 


60 


99 


191 


>» 


27-9 


8-0 


••• 


87 


99 


192 


11 


28-8 


8-0 


••• 


67 


99 


193 


»» 


30-3 


15-0 


••• 


85 


99 


194 


{ EoUer* ) 
( oastings ] 


29-2 


••• 


26-0 


50 


Sound 


196 


91 


33-5 


11-5 


••1 


45 


Broke 


196 


1) 


28-8 


26-0 


••• 


48 


Sound 


197 


>1 


29-5 


16-0 


••• 


50 


91 


198 


91 


28-7 


••• 


34-0 


49 


91 


199 


11 


28-7 


34-0 


••• 


64 


Broke 


200 


11 


30-5 


14-5 


• •• 


135 


Sound 


201 


11 


29-5 


18-5 


• •• 


65 


Broke 


202 


19 


29-6 


13-5 


•• • 


85 


99 


203 


11 


31-0 


14-6 


• •• 


60 


99 


204 


91 


25-4 


12-0 


■ • • 


75 


19 


205 


11 


27-3 


10-0 


••• 


80 


99 


206 


91 


27-9 


12-5 


••• 


75 


11 


207 


11 


28-3 


••• 


19-0 


150 


Sound 


208 


99 


25-4 


13-5 


••• 


80 


Broke 


209 


91 


29-4 


13-5 


• . • 


115 


99 


210 


19 


29-6 


19-0 


• •• 


95 


99 


211 


99 


29*7 


16-0 


• • • 


110 


99 


212 


99 


28-0 


13-6 


••• 


60 


99 


213 


99 


29-3 


13-5 


■•• 


70 


99 


214 


11 


311 


14-0 


••• 


105 


Sound 


215 


11 


28-0 


20-0 


••• 


90 


Broke 


216 


11 


29-2 


••1 


240 


45 


99 


217 


99 


29-0 


••• 


26-0 


55 


99 


218 


91 


29-2 


••• 


26-0 


50 


99 


219 


11 


29-4 


••• 


25-0 


50 


99 


220 


99 


28-9 


••1 


28-0 


45 


11 



> The details of these roUen are given in Figs. 405, 406, and a description will 
be found on p. 412. 
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221 

222 
223 
224 
225 
226 



227 

228 

229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 

250 

251 
252 



t 



Roller ) 
oastings ) 



19 
91 



Oastinffs for 
machineiy 
Cast steel ^ 

Oylinders fori 
ydraulio 



i' 



rams 



» 
»> 

)i 
>i 

91 

99 
99 



Pinions 



99 
99 
99 
99 



Bevel pinions 



99 



Wheels 
Clutches 



99 



99 



Crank discs 

99 

{StnfiSng-boz \ 
covers / 

9« 

99 



Ultimate 
tenstto 
strength. 
Tone per 
sq. Incb. 



27-3 

31-3 
33-5 
28*9 
291 
27-3 



32-9 

31-8 

34-2 
27-8 
28-9 
28-2 
26-6 
29*6 
28*4 
36-0 
33*0 
34*7 
28-2 
35*6 
34-2 
31*6 
32-2 
36*4 
30*2 
320 
32-9 
28-2 
29*6 

31*6 

31*4 
29-0 



Wbngetiott 

tnSlncbea. 

Percent 



Ekmgellon 

Id alochei. 

Peroent. 



Aofle 

through 

which tfltt- 

pleoewas 

bent. 
Degrees. 



« 


• • 


190 


60 


••• 


190 


50 


11-0 


••• 


45 


• •• 


28-0 


45 


12*0 


••• 


50 


•• • 


19*0 


60 


14-0 


••• 


50 


130 


■•• 


90 


10-0 


••• 


90 


20-0 « 


•« • 


90 


21*0 


••• 


90 


22-0 « 


••• 


90 


• •• 


15*0 


90 






34-0 


164 






26-0 


155 






21*0 


73 






25-0 


85 






27*0 


90 






35-0 


180 






150 


85 






12*0 


60 






8*6 


55 






12-0 » 


••• 






22-0 


83 






12*0 


78 






17-0 


74 






18*0 


68 






35*0 


164 




e • 


340 


73 




• • 


31*0 


180 




e • 


29-0 


180 




e e 


30-0 


180 



R^W Mt'^ks, 



Sound 



99 



Broke 
Sound 



99 
99 



Broke 
Sound 



99 
99 
99 
99 
99 
99 
99 

Broke 

»9 

Sound 

99 

n 

99 

• •• 

• •• 

»9 

Broke 

99 
99 
99 
}» 

99 

9> 

Sound 



' Thefle cylinders aie lefened to on p. 415. 
' Extension on 6 inches. 
' Be-teet of No. 242. 



ITS PHYSICAL AND CHEMICAL QUALITIES. 
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No. of 
test. 


Deaciiplion of 
casUng. 


Ultlmiite 
tanalle 
strength. 
Tans per 
■q. inch. 


Klongfttlon 

in 8 inches. 

PlToeot. 

1 
1 


Elongsiion 

in a inches. 

Peroenl. 


1 

Angle ; 

throngh 
whioh test- 
piece was 

bent. 
Degrees. 




253 


|SnndTysmall| 
I castings / 


31-3 


28-0 


• • • 


67 


Broke 


254 


19 


27-0 


13-5 


••• 


51 


Sound 


256 


1) 


32-2 


••• 


16-0 


45 


99 


256 


»» 


29-2 


26-0 


••• 


50 


99 


257 


>1 


29-6 


••• 


28-0 


86 


99 


258 , 


9t 


31-2 


11-0 


••• 


75 


Broke 


269 


»> 


33-8 


11-5 


••• 


115 


99 


260 


)> 


32-6 


10-6 


••• 


120 


99 


261 


J» 


28-9 


••• 


21-0 


55 


Sound 


262 


It 


33-9 


• • . 


24-0 


145 


Broke 


263 


» 


33-0 


••• 


25-0 


90 


• 

99 


264 


»> 


29-6 


••• 


28-0 


136 


Sound 


265 


»» 


33-9 


• *• 


24-0 


46 


Broke 


266 


I> 


27-0 


13-0 


••• 


51 


Sound 


267 


{ Brackets for 
Isliding doors 


30-5 


18-6 


••• 


••• 


••• 


268 


>» 


36-0 


15-7 


••• 


••• 


••• 


269 


Cmcible cast- 


29-8 


17-5 


••• 


••• 


••• 


270 


steel wheels 
/ for bogie 
\ waggons to 

oa]T750-ton 


36-0 


••• 


300 


••• 


On 2* 


271 
272 


390 
36*5 


••• 


26-6 
29-3 


••• 

••• 


On 8" 

99 




\^ loads 






6-0 (test 






273 


Pinion 


32-6 


». • 


piece de- 
fective) 


90 


Sound 


274 


91 


31-6 


••• 


25-0 


90 


99 


275 


99 


31-4 


••• 


32-0 


45 


»» 


276 


99 


34-0 


••• 


16-0 


105 


99 


277 


99 


330 


•• • 


20-0 


105 


99 


278 


99 


32-0 


1 

1 ••• 


28-0 


90 


99 


279 


99 


29-7 


• •• 


14-0 


60 


Broke 


280 


Bevel wheel 


33-0 


••• 


270 


90 


Sound 


281 


»9 


33-8 


• * * 


300 


95 


99 


282 


99 


39-0 


»• • 


200 


90 


99 


283 


Banning wheel 


34-8 


••• 


27-0 


45 


99 


284 


Curb ring 


35-6 


• . • 


230 


45 


99 


285 


n 


35*0 


••• 


23-0 


90 


19 


286 


99 


37-0 


• «• 


220 


60 


99 


287 


99 

Sundry cast- 


32-0 


••• 


32-0 


90 


99 


288 


ings for vari- 
ous purposes. 


27-6 


8-5 


• !• 


65 


Bioke 
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No. of 
test. 


Description of 
cssUng. 


Ultimate 
tensile 
strength. 
Tons per. 
sq. inch. 


Elongation 

in 8 inches. 

Per cent. 


Elongation 

in 2 inches. 

Percsnt. 


Angle 
through 
which test- 
piece was 
bent. 
Degrees. 


Remarks. 




j Sundry oast- 












289 


jings forvari- 
louB purposes) 


30-5 


••• 


18-0 


77 


Broke 


290 


») 


31-2 


••■ 


250 


60 


>f 


291 


» 


32-2 


••• 


260 


87 


99 


292 


>i 


32-2 


• •• 


26-0 


95 


99 


293 


»i 


29-4 


16-0 


• •• 


87 


»9 


294 


»i 


29-8 


••• 


21-0 


85 


Sound 


296 


»» 


28-0 


100 


••• 


90 


M 


296 


99 


30-6 


• •• 


18-0 


65 


Broke 


297 


99 


30-8 


• •1 


24-0 


87 


»> 


298* 


99 


32-5 


19-0 


■•• 


75 


99 


299 


99 


29-4 


16-0 


••• 


90 


99 


300 


99 


29-8 


160 


••• 


65 


99 


301 


99 


29-2 


••• 


18-0 


118 


Sound 


302 


99 


29-2 


••• 


160 


55 


Broke 


303 


99 


31-6 


••• 


21-0 


60 


99 


304 


99 


30-9 


••• 


22-0 


63 


99 


305 


99 


31-2 


••• 


20-0 


68 


99 


306 


99 


81-9 


••• 


14-0 


69 


99 



The foUowing experiments on the transverse resistance to 
bending of cast-steel bars are of interest, more especially as similar 
tests are, so far as the writer knows, somewhat rare. 

TABLE No. 21. 

The TuAifsvERSB Strength of Cast-steel Bars. 

The bars were of the nominal dimensions of 2'' x 1'', planed all 
over, the load being applied at the centre of the specimen, and the 
greater dimension of the bar being vertical. Distance between 
supports = 36 inches. 



No. of 
specimen. 



I. 



Dimensions. 



1-958" X 0-963" 



Span. 
S'O" 


Load applied. 


DeflecUon 


Pounds. 


Tons. 


in inches. 


(1120 

2240 
13360 

* 


0-5 
1-0 
1-5 


... 

0-06) 

0-11 

0-21 



Remarks. 



Permanent set at 
1-5 ton of 0-07 
inch. 
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No. of 


Dimensloiu. 


Sptn. 


LoMl applied. 


Deflection 
In Inches. 

0-07] 

0-13 

0-25J 




■pedmon. 


PomidB. 


Tons. 

0-5 

10 

1-5 

0-5 
1-0 
1-5 
2-0 
2-63 

0-5 
1-0 
1-6 
2-0 
2-67 

0-6 
1-0 
1-5 
2-0 
2-5 
3-0 


BeniArlu. 


XL 


1-954'' X 0-978" 
2-00" X 1-00" 

205" X 1-05" 


s-o" 


(1120 

2240 

(3360 


Permanent set at 
1-5 ton of 0-07 
moh. 


III. 


S'O" 


rll20 
2240 
3360 
4480 
,5891 


0-07 
0-15 
0-61 
2-30 


/Permanent set at 

1-0 ton of 0-03 

inoh. 
] Specimen bent 
] through 70°, 

but not broken; 

slight oraoks 
^ yisible. 


IV. 


3'(y 


ril20 
2240 

' 3860 
4480 

15980 


0-09 ^ 
0-15 
0-25 - 
1-59 
Break. 


Permanent set at 
1-0 ton of 0-02 
inch. 

Specimen broke at 
2-67 tons. 


V. 


2-00" X 1-00" 


yo' 


/1120 

2240 

/3360 

\4480 

5600 

6720 


0-06 \ 

0-12 

0-17 

0-62 

1-79 

3-31 / 


Permanent set not 
noted. 

Specimen bent 
through 64^ but 
did not break. 



The chemical analyses of the bars referred to in the foregoing 
table are as follows : — 

BaBS NoS. I. AND II. 



Oarbon 

Silicon 

Sulphur 

Phosphorus 

Manganese 

Iron (by difference) 



Per oent. 
0-250 
0-086 
0073 
0-065 
0-911 

98-615 

100-000 



Ultimate tensile strength = 31*2 tons per square inch. 
Ultimate elongation = 10*0 per oent. in 8 inches. 
Angle bent through (1 inch square) = 90^ 
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BaB8 Nos. III. AND lY. 





Percent 


Carbon 


0-265 


Silicon 


0-820 


Solphnr 


0-082 


PhosphoruB 


0-042 


Manganese 


0-637 


lion (by difference) 


98-664 



Ultimate tensile streogth 

Ultimate elongation 

Contraction of area 



100-000 

28*86 tons per square inch. 
22-5 per cent, in 2 inches. 
22*0 per cent. 



Bar No. V. 



Carbon 

Silioon 

Snlphnr 

Pbosphoras 

Manganese 

Iron (by difference) 



Percent. 
0-415 
0187 
0067 
0036 
0-511 

98-78 i 

100-000 



Ultimate tensile strength = 35-6 tons per square inch. 
Ultimate elongation = 15*6 per cent, in 2 inches. 
Angle bent through (1 inch square) = 85^ 

The chemical analyses of two specimens of cast-steel bars not 
submitted to a transverse test are as follows : — 





(a) 


W 




Per cent 


Peroeni 


Carbon 


0-232 


0-237 


Silicon 


0-392 


0-187 


Sulphur 


0-045 


0*064 


Phosphorus 


0*045 


0-042 


Manganese ... 


0*504 


0*511 


Iron (by difference) ... 


98-782 


... 98*959 



100-000 



100*000 



Ultimate tensile strength (a) = 28*9, (6) = 28*2 tons per square 
inch. 

Ultimate elongation (a) = 21 per cent, in 8 inches, (&) = 35 per 
cent, in 2 inches. 

Angle bent through (1 inch square) (a) = 90°, (6) = 180°. 
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Chemical axialysis of cast-steel brackets for sliding doors — 









Per cent. 


Carbon 




••• • •• 


0-488 


Silicon 




•• • ••• 


0-269 


Salphnr 




• • • ••• 


0-085 


PhoBphorns 




• • • ■ • • 


0-070 


Manganese ... 




•• • • • • 


0-421 


Iron (by difference) 


•• • ••* 


98-667 



100-000 

The ultimate tensile strength of this metal was 36*0 tons per 
square inch, and the ultimate elongation was 15*7 per cent, in 
8 inches. (Test No. 268, Table No. 20.) 

The series of tests which follows on the transverse strength of 
cast-iron bars is but a selection from a number of tests made in 
different foundries, and covering a wide range of constructive 
practice. The material represented was used for bridge and jetty 
cylinders, bollards^ machinery castings, various details in con- 
nection with bridge construction, penstock frames and doors, and 
the like. 

The variations shown are characteristic, but the general 
average indicates that the standard of strength and elasticity 
aimed at in the specification has been generally attained, and 
fairly represents good modern foundry practice in this class of 
work. 



TABLE No. 22. 

The Traksvsrsb Strength of Cast-ibox Test-bars loaded 
AT THE Centre, on Supports 36 Inches apart. 

Nominal size of bar, 2 inches deep x 1 inch wide. 



No. 
of 


Actual dlmoMloDa of tMt-l»r 
MCMt. Incbcf. 


Actual brMking 

load at centre. 

Ponnda. 


DeflecUonat 
fractore. Incbea. 


Equivalent bicaklDK 

lowtofa'xi" 

bar calcnlatad In 


Tcct 


Deplh. 


Biwdtb. 


tho proportion of 
BD". Ponnda. 


1 
2 

3 
4 


2-06 
208 
2-11 
2-06 


1-06 
1-07 
1-06 
1-07 


3046 

2934 
3203 
4278 


0-33 
0-30 
0-30 
0-35 


2716 
2540* 
2744 1 
3770 



* Flaw on andenide. 
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No. 
of 


Actual dlrnent 
aacut. 

Depth. 


kMka of teat-bar 
Inchea. 


Actual breaking 

load at centre. 

Ponnda. 


DelleotloDat 
fracture. Inchea. 


EoniTalent breaking 

load of 2* X 1* 

bar calculatAd in 


Teat. 


fiiMdlh. 


the proportian of 
BD>. Poanda. 


5 


2-06 


1-06 


8875 


0-30 


3452 


6 


21 


1-1 


2329 


0-25 


19211 


7 


2-06 


1-07 


5734 


0-55 


5040 2 


8 


2-04 


1-02 


4726 


0-40 


4457 


9 


2-07 


1-09 


4300 


0-50 


3683 


10 


2-07 


1-10 


3472 


0-28 


29471 


11 


2-06 


1-08 


3516 


0-30 


30691 


12 


2-08 


1-06 


5465 


0-50 


4768 


13 


2-07 


1-07 


2822 


0-15 


24621 


14 


206 


1-08 


4009 


0-35 


3500 


15 


2-07 


1-06 


4054 


0-33 


3600 


16 


2-05 


1-06 


3584 


0-30 


3218 


17 


2-10 


107 


4278 


0-35 


3626 


18 


2-00 


1-00 


3940 


0-41 


3940 


19 


2-00 


1-00 


3800 


0-44 


3800 


20 


2-00 


1-00 


3780 


0-41 


3780 


21 


2-00 


1-00 


3830 


0-38 


3830 


22 


2*00 


1-00 


4490 


0-44 


4490 


23 


2-00 


1-00 


4320 


0-39 


4320 


24 


2-01 


1-06 


3113 


0-45 


2909 


25 


202 


1-00 


3875 


0-40 


3800 


26 


2-00 


1-00 


3300 


0-41 


3300 


27 


2-00 


1-00 


3390 


0-41 


3390 


28 


2-00 


1-00 


3290 


0-41 


3290 


29 


2-00 


100 


3150 


0-38 


3150 


30 


2-00 


1-00 


3140 


0-37 


3140 


31 


200 


1-00 


3160 


0-38 


3160 


32 


2-00 


1-00 


4010 


0-47 


4010 


33 


2-00 


1-00 


3820 


0-42 


3820 


34 


2-00 


I'OO 


3390 


0-43 


3390 


35 


2-00 


1-00 


3550 


0-46 


3550 


36 


2-00 


1-00 


3360 


0-45 


3360 


37 


2-00 


1-00 


3820 


0-42 


3820 


38 


2-00 


1-00 


3640 


0-41 


3640 


39 


2-00 


1-00 


3710 


0-42 


3710 


40 


200 


103 


4050 


0-43 


3927 


41 


200 


1-00 


4210 


0-49 


4210 


42 


2-00 


103 


3490 


0-40 


3384 


43 


2-00 


1-00 


3610 


0-43 


3610 


44 


2-00 


1-00 


3780 


0-41 


3780 


45 


2-00 


1-00 


3710 


0*45 


3710 


46 


2-00 


1-00 


3674 


0-43 


3674 


47 


2-00 


1-00 


3150 


0-35 


3150 


48 


200 


100 


3000 


0-29 


3000 



^ Flaw on imdenide. 



Flaw on npper half. 
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No. 
of 


Actual dimcDH 
as cast. 


lona of tati-bar 
lochcc 

Breadth. 


Actual breaUog 

load al oentTp. 

Ponoda. 


Deflection at 
ftiotnre. Incliaa. 

0-40 


Equivalent breaking 
load of r XI" 


Teat. 


Depih. 


tbe proportion of 
BD*. Poonda. 


49 


200 


100 


3350 


3350 


50 


2-00 


1-00 


3100 


0-30 


3100 


51 


212 


107 


4233 


0-35 


3519 


52 


2-06 


109 


3785 


0-30 


3274 


53 


2-11 


1-05 


3248 


0-25 


2781 > 


54 


2-07 


1-07 


4278 


0-35 


3736 


55 


206 


1-07 


4188 


0-32 


3690 


56 


2-12 


1-08 


4435 


0-40 


3664 


57 


2-00 


1-00 


3303 


0-28 


3303 


58 


2-00 


1-00 


3472 


0-30 


3472 


59 


2-00 


1-00 


3610 


0-33 


3610 


60 


2-00 


1-00 


3582 


0-36 


3582 


61 


2-00 


1-00 


3580 


0-415 


3580 


62 


2-00 


1-00 


3990 


0-454 


3990 


63 


2-00 


1-00 


3200 


0-390 


3200 


64 


200 


1-00 


3530 


0-416 


3530 


65 


200 


1-00 


3889 


0-465 


3889 


66 


2-00 


1-00 


3950 


0-450 


3950 


67 


200 


1-00 


3580 


0-437 


3680 


68 


2-00 


1-00 


3750 


0-455 


3760 


69 


200 


1-00 


3640 


0-437 


3640 


70 


2-00 


100. 


3528 


0-376 


3528 


71 


2-00 


1-00 


3696 


0-437 


3371 


72 


2-00 


1-00 


4032 


0-437 


3371 


73 


2-00 


1-00 


4032 


0-437 


3371 


74 


2-00 


1-00 


3360 


0-437 


3360 


75 


2-00 


1-00 


3528 


0-375 


3528 


76 


200 


1-00 


3808 


0-437 


3808 


77 


2-00 


1-00 


3584 


0-375 


3584 


78 


200 


1-00 


3528 


0-376 


3528 


79 


2-00 


1-00 


3360 


0-437 


3360 


80 


2-00 


1-00 


3416. 


0-375 


3416 


81 


2-00 


1-00 


3584 


0-437 


3584 


82 


2-00 


1-00 


3304 


0-376 


3304 


83 


2-00 


1-00 


3584 


0-437 


3684 


84 


2-00 


1-00 


3360 


0-375 


3360 


85 


2-00 


100 


3426 


0-437 


3426 


86 


2-00 


1-00 


3696 


0-375 


3696 


87 


2-00 


1-00 


3864 


0-375 


3438 


88 


200 


1-00 


3528 


0-375 


3628 


89 


2-00 


1-00 


3584 


0-376 


3684 


90 


2-00 


1-00 


8696 


0-500 


3472 


91 


2-00 


1-00 


3192 


0-343 


2902 


92 


2-00 


1-00 


3472 


0-406 


3270 2 




» Flai 


ir on nadenidi 


9. 


< Beteat of No. 


91. 
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No. 


Actiul dlmensloiia of tatt-btr 
M cMt. Inchcf. 


ActiuL breaUng 


Deflection at 
flraotore. [nchea. 


Eqat Talent braaking 
loalof2"Xl'' 


of 




Bnadth. 


Loid at contra. 
Pooiida. 

3304 




Tett. 


Depth. 
200 


the proportion of 
BD*. Fumnda. 


93 


1-00 


0-375 


3168 


94 


2-00 


1-00 


3248 


0-406 


3102 


96 


a-oo 


1-00 


4144 


0-600 


4020 


96 


2-00 


100 


3472 


0-437 


3360 


97 


2-00 


1-00 


3584 


0-376 


3360 


98 


2-00 


1-00 


3360 


0-406 


3304 


99 


2-00 


1-00 


3584 


0-437 


3528 


100 


2-00 


1-00 


3584 


0-437 


3472 



In tests Nos. 69 to 100 the dimensions of the test-bar are nominal 
only. In all cases the breaking load is reduced in the last column in 
the proportion of BD'. 

It is not unusual to find specifications for cast-iron work which 
combine a specified ultimate resistance in direct tension with a 
specified transverse breaking load on a standard bar. 

The discrepancy between the calculated fibre stress (using the 
ordinary formula) and the ultimate resistance in direct tension 
has been long known from the days of the earlier experimenters 
to the present timci and much has been written upon the subject, 
including the infiuence of the form of cross-section upon the ratio. 
The subject, which is one of great interest, and affects not only cast 
iron, but also the permissible working fibre stress in small wrought- 
iron and mild steel beams, cannot be further alluded to here, but 
the practical lesson to be drawn as regards the drawing up of 
specifications for the strength of cast iron appears to be, that where 
the ultimate transverse resistance is stipulated, it is wiser to avoid 
direct reference to the ultimate tensile resistance, or vice versa. 
Either standard of strength may be chosen, but not both, unless 
the purchaser is prepared to establish to his own satisfaction, and 
that of the contractor, the precise ratio which in any given bar 
should obtain between ultimate transverse resistance and ultimate 
tensile strength. 

It is customary to find the test-bar as cast to vary fractionally 
both in breadth and depth from the nominal dimensions, and it 
therefore becomes necessary to allow for the variation in the 
observed breaking load, and to reduce to a common standard in 
the proportion of breadth x depths This has been done in the 
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foregoing table, and the mean value of the breaking load at the 
centre of a bar 2 inches deep by 1 inch wide, on supports 36 inches 
apart, is found to be from the above experiments (omitting those 
\nth flaws on the underside) 3568 lbs., and the mean deflection 
at the centre, 0*394 inch. 

The test-bar may also be found to vary from a true rectangular 
shape, being thicker at top than at bottom, and the way in which 
such a bar is placed in the testing machine should be observed. 

Numerous published chemical analyses of cast iron will be 
found in the literature of this subject, but the following analysis 
of a test-bar of the dimensions given in the foregoing table will 
serve to afford the student a fair idea of the chemical differences 
between cast iron and cast steel. 

The analysis presents no very marked difference from the normal 
composition of cast iron, save that the proportions of manganese 
and phosphorus are somewhat high. 



Chemical Analysis 


OF 


Oast-ieon 


Test- 


bar. 












Per cent. 


Qraphite 

Combined carbon ... 




• • 4 






2-215 
1-802 


Silicon 










2-028 


Sulphur 

Phosphorus 
Manganese 
Iron (by differenoe) 




• % A 
■ • • 
1 • • 






0-101 

1-192 

0-965 

91-697 



100-000 



The test-bar from which the analysis was taken gave a breaking 
weight of 28 cwt. at centre of standard bar (2" X 1" at 36" span) 
with f inch deflection. 
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CHAPTER II. 

ROLLED SECTIONS IN STEEL AND THEIR MECHANICAL ELB- 
MENT8» WITH GENERAL REMARKS ON THEIR USES AND 
COMBINATIONS. 

Angles —Equal-legged — Unequal-legged — Ronnd-baoked — Acaie-angled—Obtnse- 
angled — ^Bulb-angles — British standard sections — Table of the principal 
mechanical elements of equal-legged angles ; of unequal-legged angles — ^Tees 
— Britiiih standard sections— Bulb tees — ^Table of the principal mechanical 
elements of ordinary tees; of bulb tees — Boiled joists— Ctoneral remarks 
— Proportions of web and flange thicknesses — Standards of proportion — 
British standard sections— Table of the principal mechanical elements of 
rolled joists — Channels — Standards of proportions — British standard sections — 
Table of the principal mechanical elements of channels — ^Zed angles — Qeneral 
remarks — British standard sections — Table of the principal mechanical 
elements of Zed angles — Other forms of sections — Plates — Bars — Flate. 

It is proposed in this chapter to give a short descriptiou of the 
principal rolled sections in steel commonly used in ordinary 
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riveted construction^ with tables of their principal mechanical 
elements, and some practical remarks on their use. 

Angles. — The angle-steel, or, to use the older nomenclature, the 
angle-iron, is perhaps the most commonly in use among all those 
sections of material which go to make up riveted work. It may 
be " equal-legged," as in Fig. 7, or " unequal-legged," as in Fig. 8. 
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The equal-legged angle in its ordinary form has a rectangular 
outline with a square corner on the outside, the interior faces 
being sometimes slightly tapered with a connecting round in the 
inner corner, and the edges rounded off to a quadrant of small 
radius. 

These tapers and the radii of the roundings are not quite the 
same in all section books, varying with the shape of the rolls of 
the respective makers, although proposals for the adoption of a 
uniform standard in this as in other sections have not been 
wanting. 

These proposals have now assumed a definite form in this 
country, by the issue of the " British Standard Sections," compiled 
under the direction of the Engineering Standards Committee in 
1904, and to these sections the attention of the student is directed ; 
and in the work entitled " Properties of British Standard Sections " 
will be found the standard sizes, thicknesses, slopes of taper, and 
radii of connecting curves, together with tables of the mechanical 
elements of the standard sections. 

The unequal-legged angle presents the same general character- 
istics, while its name speaks for itself. Both the equal- and 
unequal-legged section is, in the British standard section, of 
uniform thickness, without taper. 

Variations from these forms are found in the acute-angled 
angle and the obtuse-angled angle, used where oblique connections 
of riveted work have to be made. The use of acute-angled angles 
is attended sometimes with the difficulty of getting the rivets into 
the acute angle, which must be borne in mind in these cases, it 
being sometimes necessary, if the angle of connection is very 
acute, to use a bent plate of sufficient dimen- 
sions in lieu of an angle. ^ 

Both equal- and imequal-legged angles ^ 
are also rolled with a round back, as in Fig. 9. 
They are most commonly used to effect the 
splice in the main angles of plate or lattice 
girders, an example of which is given in Fig. 
101, the round back of the connecting angle ^iq, 9. 

fitting into the interior rounding of the main 
angles to be spliced. This method of splicing the main angles of a 
riveted plate girder is the one most commonly adopted, and leads 
to the consideration of the net sectional area of the angles to be 
spUced, the corresponding thickness of the angle " cover," which 
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must necessarily be greater than that of the main angles, and as 
a consequence the spaces left for the rivets, their heads, and the 
amount of metal left outside them. 

When, however, angles are used for ties or stmts, either 
singly or in pairs, as in roof trusses, it becomes a simple matter 
to splice each 1^ of the angle with a flat of suitable width and 
thickness. 

Another variation in the equal- or unequal-legged angle is that 
in which the legs are rolled of equal thickness without taper, and 
the edges and comers, both internal and external, are square and 
sharp. This, however, is usually considered a special section, 
and not frequently adopted in ordinary riveted work. 

A section of angle-iron used frequently in the frames of ship 
or caisson work, as beams subject to transverse stress, is the so- 
called bulb-angle, shown in Fig. 10. This angle is 
usually unequal-legged, the object of the bulb being 
to increase the moment of inertia of the beam in 
the plane of its greatest depth as a beam, while it 
also serves the purpose of thickening and rounding 
the edge of the angle where exposed to passing 
traffic, etc 

The bulb may be rolled on one side of the 

longest limb as shown, or on the opposite side. 

Fio. 10. The sectional area of the bulb varies slightly with 

different makers, but is standardized in the British 

standard section. 

According to the usual practice, the vertical limb or web with 
the bulb is made parallel, the taper being given to the other limb 
of the angle. In the British standard section of bulb-angle, both 
limbs are of uniform thickness, there being no taper. If the section 
be increased beyond a certain minimum thickness the dimensions 
of the sides are increased proportionately, while the bulb retains 
the same projection from the face of the web. 

The uses of angle-steels are multifarious. In addition to their 
primary function of connecting members of a structure in planes 
at right angles to one another, such as the web and flanges of a 
plate girder, or in oblique connections, they are also found used 
to a great extent either as beams, stmts, or ties. As beams we 
find them in purlins to roofs, as secondary beams in a variety 
of stmctures, in the framing to sides of corrugated iron sheds, 
and the like. As struts they are employed in the members of 
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lattice girdeis, in the compression members of roof principals, 
and as secondary bracing where some lateral stiffness is required 
in a number of cases. As ties they appear more or less sue* 
cessfully in the tension members of light trusses, but their 
effective use in tension is somewhat qualified by the necessity of 
securing them in many cases by one leg only. This remark also 
applies imder similar conditions to their use as struts. In this 
latter capacity they will be further referred to in the chapter on 
columns. 

The selection of the dimensions and scantlings of angles will 
be determined by a variety of considerations depending on the use 
to which they are put As connecting members simply we shall 
find their dimensions ruled to a large extent by the size of rivets 
employed, the bearing stress allowed, and so on ; as beams, by their 
moment of inertia; as struts, by their least radius of gyration. 
But in most cases considerations of rivet spacing in connections, 
eta, will be ruling factors in the design ; and the young draughts- 
man will in thisy as in so many other cases, be wise in drawing all 
doubtful details full size, or to a large scale, before he finally 
determines his section. 

The following tables give the dimensions, weight per foot run, 
sectional area, moments of inertia, and least radii of gyration for 
equal-legged, unequal-legged, and bulb-angles in steel : — 



TABLE No. 23. 

The Principal Mechanical Elements of Equal-legged Angles ^ 

(See Fig. 7). 



Seciton. 
BiiiMl-kgged angles. 


Are* In 
sq. Inches. 


Weight in 

Ihe. per foot 

Unetl. 


Approximate 
moment of 

Inertia abont 

axis a— b, 

Flg.T. 


Approximate 

leaat radliiB 

of gyration, 

axse— d. 


Distance of 
axle o-b from 
farthest edge 

of section. 
Inches. 


8" X 8" X 1" 
8" X 8" X f 
8" X 8" X f 
8" X 8" X 1" 
8" X 8" X 1" 
r X T X 1" 


15-00 
13-23 
11-44 
9-61 
7-76 
1300 


51-00 
44-98 
38-89 
32-67 
26-35 
44-20 


88-98 
79-46 
70-04 
59-80 
48-65 
5816 


1-66 

... 
1-57 

... 

1-58 
1-86 


5-63 
5-68 
5-72 
5-77 
6-87 
4-89 



' In this and the foUowiog tables the eiTeotB of taper and of the cironlar curreB 
ooDoectiDg membere are ignored. The yalues are therefore approximate, but of 
mfficient accnracy for practical pnrpofce. 
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SeeUon. 
Equtl-legied anglM. 



7" X 7" X r 

7" X 7" X I" 

7" X 7" X r 

7" X r X i" 

6" X 6" X r 

6" X 6" X I" 

6" X 6" X r 

6" X 6" X »" 




6" X 6" X 
5" X 5" X 
""X 4J" x'l" 

x"" 

4' 



4i" X 4i" 
4|" X 4" 
4" X 4" 



4i" X 4" X ^" 
41" X 4" 

Mli . . All . 



.- ^^ X^ 

4" X^Xf 

4" X 4" X I" 

4" X 4" X 4" 

4" X 4" X r 

3i" X Si" X f" 
31" X 3i" X i" 

03 X »J X Tg 

3i" X 3i" X r 

3i" X 3i" X i" 

3|" X 3i" X fe" 

3|" X 3f X f 

3" X 3* X i" 

3" X 3" X is" 

3" X 3" X f 

22" X 2f X f 

2- X 2- X — ' 

2- X 2- X 

2- ' X 2^" X — " 

2I" X 2!" X f 



4" X 4" x4" 

2i« X 2A" X f 

2'^X 2''^xf 
2" X 2" X i" 

I4 A I4 A le 



Area In 
•q. indici. 



11-48 
9-94 
8-36 
6-76 

1100 
9-73 
844 
7-11 
6-75 
8-86 
7-69 
6-48 
5-25 
6-94 
6-86 
4-76 
5-23 
4-26 
3-75 
3-23 
4-61 
3-76 
3-31 
2-86 
3-98 
3-25 
2-87 
2-48 
3-00 
2-66 
2-30 
2-76 
2-43 
211 
2-50 
2-21 
1-92 
2-00 
1-73 
1-47 
1-65 
1-31 
1-36 
1-15 
1-00 



Weight in 
liis.p«rfint 


ApproxInAte 

moment of 

InertU about 


Approximate 

leaatndina 

of gjratkm, 

axise-Hi. 


DIaUaceof 
axla«— ^fhmn 
farthest edge 


Un«a. 


Fig. T. 


ofMcUoo. 
Inches. 


39-05 


52-10 


••• 


4-93 


33-79 


46-86 


1-37 


4-98 


28-42 


39-14 


••• 


6-02 


22-96 


32-00 


1-38 


5-06 


37-40 


36-46 


1-18 


4-13 


83-10 


31-88 


••• 


4-18 


28-69 


2812 


119 


4-22 


24-17 


2411 


••• 


4-27 


19-65 


19-90 


1-20 


4-31 


30-12 


2407 


1-06 


3-81 


26-14 


21-32 


• at 


3-85 


22-05 


18-03 


• •» 


3-90 


17-85 


16-19 


1-08 


3-94 


23-69 


16-75 


0-98 


3-48 


19-92 


13-66 


••• 


3-52 


16-16 


11-24 


1-00 


3-56 


17-80 


9-72 


0-87 


314 


14-45 


8-00 


•• • 


319 


12-74 


7-18 


••t 


3-21 


11-00 


6-27 


0-88 


3-23 


15-67 


6-65 


0-78 


2-77 


12-76 


5-66 


••• 


2-81 


11-26 


4-96 


••• 


2-84 


9-72 


4-35 


0-79 


2-86 


13-65 


4-32 


0-68 


2-40 


1106 


3-64 


••• 


2-44 


9-76 


3-24 


••• 


2-46 


8-46 


2-88 


0-69 


2-48 


10-20 


2-85 


0-64 


2-26 


9-02 


2-68 


••• 


2-28 


7-82 


2-25 


0-65 


2-30 


9-35 


2-22 


0-58 


207 


8-27 


1-99 


••• 


2-09 


7-17 


1-75 


0-59 


2-11 


8-50 


1-67 


0-53 


1-87 


7-53 


1-61 


••• 


1-90 


6-53 


1-33 


0-64 


1-92 


6-79 


1-11 


0-49 


1-71 


5-90 


0-98 


••• 


1-74 


4-98 


0-85 


0-50 


1-76 


6-26 


0-70 


0-44 


1-65 


4-45 


0-61 


0-45 


1-57 


4-62 


0-48 


0-39 


1-36 


3-92 


0-42 


0-40 


1-38 


3-39 


0-27 


0-34 


1-20 . 
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Section. 
BqiuO-togged angtaa. 


Am in 
•q. IncheB. 


Weight in 

llM. per foot 

lineaL 


Approximate 
moment of 

Inertia abont 

axis a— d, 

Fig. 1. 


Approximate 

leaat radlns 

of gyration, 

axia e—d. 


DIaUnoeof 
axiso— bfirom 
fuiheetedge 

of section. 
Inchea. 


If X If X f 

1-' X 1-" X ~ 

if" X l|" X 1* 
If X If X f 
If X If X f 

r X 1" X f 

1" X 1" X 1" 

3»r v> 3'/ v> 1" 
4 A 4 A ^ 


0-81 
0-84 
0-69 
0-66 
0-29 
0-44 
0-23 
0-17 


2-76 
2-86 
2-34 
1-91 
0-98 
1-49 
0-78 
0-68 


0-23 

0-16 

0-14 

0-077 

0-044 

0-037 

0-022 

0-008 


0-34 
0-30 
0-30 
0-24 
0-24 
0-19 
0-19 
0-15 


1-22 

101 
103 

0-86 
0-89 
0-66 
0-70 
0-51 



TABLE No. 24. 

The PRiNciPAii Mechanical Elements of TJnequal-leoged 

Angles (See Fig. 8). 



Section. 
Uneqnal-legged angles. 


Area In 
sq. inches. 


Weight in 

lbs. per fbot 

lineal. 


Approximate 
moment of 

inertia about 
axis a— b. 


Approximate 

least radios of 

gyration about 

axise— d. 

0-94 


Distanoeof 

axia o—ft from 

farthest edge 

of section. 








Fig. 8. 


Inciies. 


14" X 3I" X f 
11' X 3* X f 


8-60 


28-90 


160-0 


8-19 


6-75 


22-96 


78-6 


0-81 


6-47 


10" X 3f X f 
9" X 31" X f 
8" X 4i" X f 

8" X 4|" X r 


6-50 


22-10 


63-5 


0-92 


6-10 


6-00 


20-40 


48-0 


0-90 


5-56 


8-81 


29-96 


57-1 


0-96 


5-16 


7-42 


25-23 


48-6 


0-96 


5-21 


8" X 4|" X f 

8" X 3i" X r 


6-00 


20-40 


39-8 


0-96 


6-26 


6-80 


23-11 


42-5 


0-73 


4-96 


8" X 3i" X f 
8" X 3* X f 
8" X 3" X f 


5-60 


18-70 


33-5 


0-73 


5-02 


6-48 


2205 


40-2 


0-73 


4-84 


6-25 


17-85 


32-6 


0-73 


4-89 


7f X 3" X f 


6-17 


20-98 


33-7 


0-71 


4-57 


7f X 3" X f 
r x4"Xf 
7" X 4" X f 


5-00 


17-00 


27-5 


0-71 


4-62 


7-69 


26-14 


37-87 


0-85 


4-50 


6-48 


2205 


32-24 


0-85 


4-54 


7" X 4" X f 


6-25 


17-85 


26-62 


0-86 


4-58 


7" X 3|" X f 


6-17 


20-98 


30-73 


0-75 


4-43 


7" X 3|" X f 
7" X 3^ X f 


•5-00 


17-00 


25-33 


0-75 


4-47 


5-86 


19-92 


27-9 


0-76 


4-30 


7" X 3" X f 

7" X 3" X r 


4-75 


16-15 


22-9 


0-76 


4'36 


3-61 


12-27 


17-6 


0-77 


4-40 


6|" X ^" X f 

6i"x4i"xf 
61" X 4i" X f 

6|" X 4" X r 


6-41 


22-05 


27-56 


0-95 


4-34 


5-25 


17-85 


23-49 


0-96 


4-38 


3-98 


13-55 


17-68 


0-96 


4-43 


617 


20-98 


26-36 


0-84 


4-26 
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Section. 


Ar«4tn 


WHgbUn 


ApproxinuU 
moment of 


Approximate 


Dietumof 
eziia— bfhmi 


Uneqnal-toawl «B(l«k 


tq. inobM. 


Ibe. per foot 
Uneal. 


Inertl* About 
azlfo— ^, 


KjrmtloB eboot 


fltftbertedge 
of aectioo. 






1 

1700 


Fig. 8. 


Axtto— a. 

0-85 


IncbM. 


61" X 4" X i" 

6|" X 4" X r 

61" X 31" X f 
61" X 31" X 1" 
61" X 31" X 1" 
61" X 3* X f 
61" X 3" X 1" 

61" X 3" X r 

6* X 6" X Y 
6" X 6" X f 

6" X 6" X r 

6" X 4" X 1" 
6" X 4" X 1" 
6" X 4" X i" 


5-00 


21-42 


4-30 


3-80 


12-91 


16-81 


0-85 


4-34 


5-86 


19-92 


24-99 


0-79 


4-15 


4-75 


16-15 


20-37 


0-80 


4-19 


3-61 


12-27 


16-16 


0-80 


4-24 


6-65 


18-86 


24-35 


0-78 


4-03 


4-50 


15-80 


18-75 


0-79 


4-08 


3-42 


11-63 


14-35 


0-79 


4-13 


8-86 


3012 


30-13 


1-03 


4-04 


7-69 


26-14 


26-46 


1-04 


4-08 


6*48 


22-05 


22-68 


1-04 


413 


6-94 


23-59 


24-62 


0-87 


3-92 


5-86 


19-92 


21-25 


0-88 


3-96 


4-75 


1615 


17-45 


0-88 


4-01 


6" X 34" X f " 
6" X 3|" X t" 
6" X 31" X fs" 

6" X 3* X r 

6" X 3" X 1" 

6" X 3" X r 


5-55 


18-86 


20-18 


0-79 


3-87 


4-60 


15-30 


16-63 


0-80 


3-92 


3-97 


13-48 


14-74 


0-80 


3-94 


6-23 


17-80 


18-92 


0-76 


3-76 


4-25 


14-45 


15-68 


0-77 


3-81 


3-23 


1100 


1212 


0-77 


3-85 


61" X 4" X f 
61" X 4" X 1" 

5f X 4" X r 
61" X 31" X r 

61" X 31" X 1" 
61" X 3|" X 1" 

51" X 3*' X r 


6-55 


18*86 


16-37 


0-86 


3-67 


4-50 


15-30 


13-64 


0-87 


3-72 


3-42 


11-63 


10-51 


0-87 


3-78 


6-23 


17-80 


15-84 


0-79 


3-59 


4-25 


14-45 


1804 


0-80 


3-63 


3-23 


11-00 


1007 


0-80 


3-67 


4-92 


16-73 


14-91 


0-67 


3-49 


61" X 3" X 1" 
61" X 3" X 1" 
6* X 41" X 1" 
6" X 4I" X 1" 

6" X 41" X r 

6" X 4* X 1" 
5" X 4" X 1" 
6" X 4" X 1" 


4-00 


13-60 


12-28 


0-68 


3-53 


3-06 


10-86 


9-53 


0-68 


8-57 


5*55 


18-86 


13-10 


0-89 


3-46 


4-50 


15-30 


10-88 


0-90 


8-50 


3-42 


11-63 


8-44 


0-90 


3-54 


6-23 


17-80 


12-55 


0-85 


3-38 


4-25 


14-45 


10-45 


0-86 


3-42 


3-23 


11-00 


8-12 


0-86 


3-46 


5" X 31" X f 
5" X 31" X 1" 
6" X 3I" X 1" 
6" X 3* X f 
6" X 3" X 1" 
6" X 3" X 1" 


4-92 


16-73 


12-03 


0-75 


3-30 


4-00 


13-60 


10-02 


0-76 


3-34 


3-05 


10-36 


7-79 


0-76 


3-39 


4-61 


15-67 


11-36 


0-65 


3-21 


3-75 


12-75 


9-45 


0-66 


3-25 


2-86 


9-72 


7-31 


0-66 


8-29 


41"x4"xf 


4-92 


16-73 


9-37 


0-80 


3-08 


41" X 4" X f 
41" X 4" X f 


4-00 


13-60 


7-87 


0-81 


3-13 


3-05 


10-36 


6-05 


0-81 


3-17 


41" X 31" X r 


4-61 


15-67 


8-83 


0-74 


301 
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Section. 
Uneqiul-Icgged aogtos. 



41" 



X 
X 
X 
X 
X 
X 
X 



xV 



41 

31" 



3' 

s^xf 

2^" X f 

24" X r 



4"x 



xf 

X ^" 

4" X af" X I' 
4" X 3^ X r 

4" X 3" X f 
4" X 3" X I" 
4" X 21" X f 
4" X 2I" X '" 



3|" 
3|" 
3f 
3|" 
31" 

3^ 

3" 

3" 

3" 

3" 

3" 

21" 

2I" 

21" 

21" 

2I" 



X 
X 
X 
X 
X 
X 

X 

X 

X 

X 



I^ 



3"X« 

3" X I" 

21" X 1" 
01" V *" 

21" X f " 

in 



21" X — " 

2§,* y 1^" 

2I" y 8" 

21" X I" 



X 

X 2" X i' 
X 21" X ^" 

1» y^]? 



X 
X 
X 
X 



21" 

2 V -^" 

2" X i* 

If X V 



2" X ir X I" 

2"X 

1" 

:!: 

1" 



4 



X 
X 
X 
X 
X 
X 
X 
X 
X 



* -^ To 
If X f 

If X I" 

If V I" 



1* 

Iff 

!« 

a 



X 
X 



\y* V 1" 



X 1^' 

X ^" 
X ^" 

X i" 

x|" 



Area in 
sq. incb€6. 



3-76 
2-86 
4-30 
3-60 
2-67 
3-25 
2-48 
4-30 
3-60 
2-67 
3-98 
3-26 
2-48 
3-00 
2-30 
3-00 
2-30 
2-75 
2-11 
2-02 
1-70 
2-63 
2-02 
2-60 
1-92 
1-47 
1-19 
1-39 
1-13 
1-31 
1-06 
0-94 
0-88 
0-81 
0-63 
0-76 
0-39 
0-63 
0-33 
0-26 
0-25 
0-23 
0-20 
0-14 



Welgbt in 

IbB. per foot 

lineel. 



12-76 
9-72 

14-61 

11-90 
9-08 

11-06 
8-45 

14-61 

11-90 
9-08 

13-65 

11-05 
8-46 

10-20 
7-81 

10-20 
7-81 
9-35 
7-17 
6-86 
6-78 
8-93 
6-85 
8-50 
6-63 
4-98 
4-04 
4-72 
3-83 
4-45 
3-61 
3-19 
2-98 
2-76 
1-79 
2-65 
1-32 
2-13 
1-12 
0-88 
0-85 
0-78 
0-68 
0-47 



Approximate 
moment of 

inertia about 

azieo— (, 

Fig. 8. 


Approximate 

least radina of 

gyration about 

aiise— d. 


Distance of 
aziao— dfh)m 
fiirtheet edge 

of section. 
Incbea. 


7-33 


0-76 


3-05 


5-71 


0-75 


3-09 


8-60 


0-65 


2-91 


7-02 


; 0-66 


2-96 


6-49 


1 0-66 


300 


603 


0-62 


2-86 


6-17 


0-62 


2-90 


6-36 


0-72 


2-70 


6-31 


0-73 


2-75 


4-16 


0-73 


2-79 


6-01 


0-64 


2-63 


6-03 


0-65 


2-67 


3-95 


0-65 


2-71 


4-72 


0-56 


2-58 


3-79 


0-56 


2-62 


3-45 


0-63 


2-37 


2-71 


0-63 


2-42 


3-25 


0-65 


2-29 


2-67 


0-66 


2-33 


2-46 


0-63 


2-29 


2-10 


0-53 


2-32 


2-16 


0-55 


2-03 


1-78 


0-66 


2-08 


2-09 


0-53 


2-00 


1-64 


0-63 


204 


1-32 


0-44 


1-98 


1-07 


0-44 


201 


0-82 


0-46 


1-73 


0-68 


0-45 


1-75 


0-79 


0-43 


1-69 


0-65 


0-43 


1-71 


0-46 


0-34 


1-52 


0-33 


0-35 


1-37 


0-31 


0-32 


1-34 


0-21 


0-25 


1-26 


021 


0-29 


1-19 


0-12 


0-29 


1-23 


0-13 


0-26 


1-00 


0-070 


0-26 


1-04 


0-040 


0-21 


0-85 


0-039 


0-20 


0-83 


0-028 


0-20 


0-76 


0-019 


0-16 


0-67 


0-007 


0-11 


0-48 
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Fio. 11. 



Tees. — ^The tee-steel, or tee-iron, ranks perhaps next to the 
angle in general utility. Its general form is shown in Fig. 11. 

The proportions of top table to stem or web 
are verj variable, and the error of misde- 
scription of the dimensions is one very fre- 
qnently found on drawings, rectified, it may 
be, by dimensioning the members, but the 
young draughtsman will do well to remember 
that a 6'' x 2!* tee \& by no means the same 
thing as a 3" X 6" tee. He will probably 
ascertain this to Ins cost if he specifies the 
one in mistake for the other, in the absence 
of a figured section. The width of top table 
is the dimension first quoted. 
The top table and stem are usually both slightly tapered, and 
connected by roundings of small radius, the comers of the 
extremities of the limbs being sometimes rounded and sometimes 
square. A variation sometimes found is when the top table is of 
uniform thickness and the stem tapered, or vice versa. 

The British standard section of tee has the top table and the 
web tapered, the edges of the top table being rounded off beneath, 
while the edge of the web is square. 

Tees are commonly used as beams, as in the case of purlins, 
secondary bearers in fire-proof floors, and the like. As struts they 
are a favourite section for the compression members of roof trusses 
of moderate span, lattice girders, etc., also as stiffeners to the webs 
of plate girders. As ties their use is more limited, there being 
some difiBculty in making such an end connection as will effectively 
bring into play the whole cross-section of the metal. Tee struts 
will be further referred to in the chapter on columns. 

The proportions of tees to be adopted in any particular detail 
will, apart from the value of their moments of inertia when used 
as beams, or of their least radius of gyration when used as struts, 
be frequently ruled by the dimensions and spacing of their 
riveted or bolted connections. Thus, to take a familiar example, 
the tee stiffener to the web of a plate girder will require a width 
of top table or flange sufficient to take the rivets required in a 
joint of the web plating, which again will be ruled by the shearing 
stresses in the web, and the number and diameter of the rivets 
required. Or supposing, in the case, let us say, of a footbridge with 
timber floor secured to tee bearers by bolts or coach-screws, the 
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top table of the tee must be of width enough to receive screws or 
bolts of the diameter required, with (a) a sufficient amount of 
metal outside the hole, and (&) sufficient space between the stem 
and hole for the nut of the bolt or head of the coachnscrew. Such 
elementary considerations may bear the aspect of truisms, but 
careful attention to points of detail such as these will always be 
found to characterize sound ironwork design. 

Bulb Tees. — ^A tee section with a bulb rolled on the lower 
extremity of the stem constitutes the useful section known as 
" bulb tee " or " deck beam." This section is 
used to a considerable extent in shipbuilding, 
and occasionally in purlins and similar beams. 
The moment of inertia is increased by the 
bulb, which also forms a finish to the lower 
edge of the stem, which is usually rolled with 
parallel sides, the top table or flange having 
a taper similar to the flange of a rolled joist 
The area of the bulb and relative thickness of 
stem and flange vary somewhat in different 
rolling mills, but are standai*dized in the 
British standard section. 

The following tables give the dimensions, 
sectional area, weight per foot run, greatest moment of inertia, 
position of centre of gravity, and least radius of gjnration, for 
ordinary tees and for bulb tees of average proportions of stem, 
flange, and bulbs. 




Fio. 12. 



TABLE No. 25. 

The Pkincipal Mechanical Elements of Ordinary Tees 

(See Fig. 11). 



^Sec tion. 
OrttiMiy t6M. 
Table X w«b. 



7" 

r 
r 
r 
r 
r 

6i" 



X 
X 
X 
X 
X 
X 
X 



si" X I" 

xf 
x|" 



4" 
4" 

si" 



Area In 
aq. Iiicbea. 



7-31 
6-17 
6-00 
4-40 
5-94 
4-81 
9-19 



Weiglit in 

lba.per 

fiMlrun. 



24-86 
20-98 
17-00 
14-97 
20-19 
16-36 
31-24 



Oraalaat 

momaiitof 

faiartia aboat 

axia a— ^. 

Pig. 11. 



6-12 
6-28 
4-30 
3-96 
3-83 
3-17 
35-16 



DiBtanceof 

oenire of 

gravity abore 

lower edge. 



2-63 
2-68 
2-72 
2-75 
2-40 
2-44 
4-61 



Appioxlmate 

leaaintdiiiB 

ofgjTaUon 

about axIa 

0— d. 



••• 



1-65 

... 
102 
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Section. 
Ordiiuiy 
Tabk X wtb. 



X 
X 
X 
X 
X 



61" 

el" 

6|" 
6f 

4" 

6^X 
6"x 

e^x 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



I" 



6" 
6" 
6" 
6" 
6" 
6" 
6" 
6" 
6" 
6" 
5" 
6" 
5" 
5" 
5" 



61" xf 
gl« ^ 1» 

6*xl* 

6"X, 
5"xf 

6"xr 
6" X I" 

6"xr 
4" X I" 

4" X I" 

4" X r 

3|" X I" 
3i" X I" 
3'xf 
3" X I" 
3" X 4" 
4" X I" 
4" X f 
4''xf 

X - ' 

xl" 



3|" 
8i" 



5" X 3|" X I 



*- 



5" X 8" X 
5" X 3" X I' 






6" X 3" X I 



h 



5" X 2i" xV 

41" 
41" 
41" 
31" 
31" 
31" 
21" 
2i" 



5"X 
X 
X 
X 
X 
X 



41" 

4i" 
41" 

AVf 

41" 

4" 



4" 
4" 
4" 
4" 
4" 
4" 



X 
X 
X 
X 

X 

X 

X 

X 

X 

X 

X 



xf 
xf 

X 
X - 

X f 

xf 

^ 8 



5" X 1" 
5"xr 
Xl" 

41" y^ 3W 

4^X t' 

4" X r 



4i" 



4" X f 



l/r 



8 



ATM la 
•q. Inches. 



7-73 
6-26 
8-81 
7-42 
6-00 
7-69 
6-48 
5*25 
3-98 
5-86 
4-75 
3-61 
5-55 
4-50 
3-42 
5-23 
4-26 
3-23 
6-23 
4-25 
3-23 
4-92 
4-00 
305 
4-61 
3-76 
2-86 
3-60 
2-67 
6-23 
4-26 
3-23 
3-76 
3-31 
2-86 
3-26 
2-87 
2-48 
4-25 
3-23 
4-00 
3-05 
4-61 
3-76 
2-86 





Oreftteet 


DIsfAtMw nf 


Approximate 


Welf ht in 


moment of 


centre of 

grayitjaboTe 

lower edge. 

4-64 


least radina 


Ita. per 
loot ran. 


iuertlft about 

axis a— t. 

Fig. 11. 

31-06 


of gyration 
aboataxia 


26-30 


• «• 


21-25 


25-70 


4-68 


1-50 


29-96 


28-78 


4-28 


••• 


25-23 


24-71 


4-33 


• • a 


20-40 


20-36 


4-38 


1-50 


26-14 


16-72 


3-59 


••• 


22-05 


14-40 


3-63 


••• 


17-85 


11-92 


3-68 


••• 


13-55 


9-22 


3-72 


1-38 


19-92 


7-53 


2-97 


••• 


1615 


6-20 


3-02 


••• 


12-27 


4-91 


3-06 


1-34 


18-86 


5-09 


2-72 


••• 


15-30 


4-27 


2-67 


1-38 


11-63 


3-34 


2-71 


1-38 


17-80 


3-22 


2-26 


••• 


14-45 


2-70 


2-31 


••• 


11-00 


2-10 


2-35 


1-40 


17-80 


7-14 


2-88 


••# 


14-45 


5-76 


2-93 


••• 


11-00 


4-64 


2-97 


1-10 


16-73 


4-82 


2-55 


• ■ « 


13-60 


4-00 


2-59 


• •# 


10-36 


3-19 


2-64 


1-12 


15-67 


3-06 


2-20 


••• 


12-75 


2-59 


2-25 


•• • 


9-72 


2-00 


2-29 


1-14 


11-90 


1-51 


1-89 


• . • 


9-08 


1-19 


1-94 


1-16 


17-80 


9-72 


3-14 


••• 


14-45 


8-00 


3-19 


••t 


11-00 


6-27 


3-23 


0-88 


12-75 


3-92 


2-55 


••• 


11-25 


3-51 


2-57 


•■• 


9-72 


3-07 


2-60 


0-90 


11-05 


1-47 


1-83 


•• • 


9-76 


1-32 


1-85 


•• • 


8-45 


1-17 


1-88 


0-92 


14-45 


10-45 


3-42 


•■ ■ 


11-00 


8-00 


3-46 


0-76 


13-60 


7-80 


3-12 


••• 


10-36 


6-08 


317 


0-80 


15-67 


6-65 


2-77 


••• 


12-75 


5-56 


2-81 


••■ 


9-72 


4-20 


2-86 


0-82 
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0re«le8t 


DiflilAnrA of 


Approximate 


Section. 


Am* In 


Weight In 


moment of 


nAnfcm of 


least radius 


Ordioaiy tees. 
T«ble X w«b. 


ArVB lU 

eq. inchM. 


Ita. per 
foolmn. 


Inertia about 

axis a— ^. 

Fig. 11. 

3-81 


gravltjaboye 
lower edge. 


of gyration 

about axis 

o-d. 


4" X 31" X f 
4" X 31" X i^' 

4" X sf" X r 

4" X 3* X f 
4" X 3" X ^" 

4" X 3" X r 


3-60 


11-90 


2-60 


• • • 


3-09 


10-61 


3-41 


2-52 


••• 


2-67 


9-08 


2-98 


2-54 


0-86 


3*25 


11-05 


2-43 


2-17 


••• 


2-87 


9-76 


2-18 


2-19 


•• • 


2-48 


8-45 


1-90 


2-22 


0-88 


4" X 21" X f 
4" X 21" X f^r" 
4" X 21" X 1 ' 


3-00 


10-20 


1-42 


1-83 


••• 


2-66 


9-02 


1-28 


1-85 


••• 


2-30 


7-81 


1-13 


1-88 


0-90 


8f X 31" X f 
31" X 81" X ^" 
31" X 31" X f 
3|" X 8* X f 
31" X 3" X V 

31" X 3" X r 

Sf" X 21" X A" 
3|» X 21" X f 
31" X 21" X A" 
3* X 31* X 4" 
3" X 31" X f 
3" X 3* X ^" 
3" X 3" X f 


3-25 


11-06 


3-64 


2-44 


••• 


2-87 


9-76 


3-24 


2-46 


••• 


2-48 


8-46 


2-80 


2-48 


0-72 


3-00 


10-20 


2-33 


212 


••• 


2-65 


9-02 


. 2-22 


2-14 


••• 


2-30 


7-81 


1-84 


2-17 


0-74 


2-43 


8-27 


1-23 


1-82 


••• 


211 


7-17 


1-09 


1-84 


••• 


1-78 
2-66 


604 
9-02 


0-93 
3-08 


1-86 
2-40 


0-76 
••• 


2-30 


7-81 


2-71 


2-42 


0-60 


2-43 


8-27 


1-99 


2-09 


• • • 


2-11 


717 


1-76 


2-11 


• ■ • 


8" X 3" X A" 
3" X 21" X X" 

3" X 21" X r 


1-78 


6-04 


1-60 


2-08 


0-62 


2-21 


7-63 


1-18 


1-77 


•• • 


1-92 


6-63 


1-04 


1-79 


••• 


3" X 21" X A" 

3" X If X f 

3" X If X ^" 

21" X 21" X f 

21" X 21" X A" 

21" X 2|" X f 

21" X 21" X f 
2*" X 2^" X ^" 

2|» X 2|" X 1* 

2» X 2" X f 


1-62 


6-61 


0-87 


1-82 


0-64 


1-66 


6-26 


0-23 


1-11 


••• 


1-31 


4-46 


0-20 


1-13 


0-68 


1-73 


6-90 


0-98 


1-74 


• ■ • 


1-47 


4-98 


0-84 


1-76 


••• 


119 


4-04 


0-68 


1-78 


0-60 


1-65 


6-26 


0-65 


1-53 


••• 


1-31 


4-46 


0-59 


1-67 


••• 


1-06 


3-61 


0-49 


1-61 


0-46 


1-36 


4-62 


0-42 


1-36 


•• • 


2" X 2" X A" 
2" X 2" X f 


1-16 


3-92 


0-89 


1-41 


••• 


0-94 


3-19 


0-33 


1-46 


0-41 


2" X If X f 
2" X U" X A" 
2" X If X f 
2" X If X f 
2" X If X h" 
If X If X f 

If X If X A" 

If X 2" X f 


117 


3-98 


0-20 


1-04 


•• ■ 


I -00 


3-39 


0-18 


1-06 


• • • 


0-81 


2-76 


0-15 


1-08 


0-40 


0-76 


2-65 


0-09 


0-92 


••• 


0-67 


1-96 


0-07 


0-94 


0-40 


0-81 


2-76 


0-24 


1-22 


••• 


0-62 


2-11 


0-20 


1-23 


0-36 


0-81 


2-76 


0-31 


1-33 


••• 
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OrdlurytMB. 
T«bto X webu 


ArMla 
Bq. iaohM. 


Walghiln 
lta.|Mr 
fool ran. 


OrMtMt 

momeotof 

inectU abovt 

Fig. 11. 


Dtataaoeof 

centra of 

gi»vHj«lKnr« 

lower edge. 


Appfoxtnoto 
leMtradtu 
ofgjnlloa 
about axis 


If X 2" X h" 

If X If X r 

If X If X f{ 
It X It X I 

If X If X A" 

r X 1" X ^ 

1" X 1" X f 


0-62 
0-69 
0-63 
0-66 
0-46 
0-34 
0-23 


211 
2-34 
1-79 
1-90 
1-63 
115 
0-78 


0-25 
012 
0-11 
0-07 
0-06 
0-03 
0-02 


1-36 
1-03 
1-05 
0-85 
0-88 
0-67 
0-71 


0-29 

0-30 

••• 
0-24 

0-20 



TABLE No. 26. 
The Fbincipal Mechanical Elements of Bulb Tees 

(See Fig. 12). 



PepChXtoblextliick- 
neM of web and 

table. 


AnaiD 
eq.incbea. 

11-67 


Weight in 

lba.per 

foot lineal. 

1 


Greatest 

moment of 

inertia about 

axis o— b. 

Fig. 12. 


DIatanceof 

axlsa— 6 

ftomfkrtheet 

edge of 

eecUon. 

6-80 


Approximate 

leaatradina 

ofgjration 

aboataxia 

e-d. 


12" X 6i" X W 


39-68 


202-2 


1-07 


llf X ei" X W 
ir X 6" X -^ 

10" X 6" X i{ 
9" X 6i" X *" 
9'' X 61" X A" 
8|"x5i"xA" 

8" Xb^xis^ 

r X 6" X i^ 

6" X 4i" X i{ 
5" X 4* X # 
3" X 3" X X" 


10-02 


34-07 


164-4 


6-30 


1-07 


9-07 


30-84 


151-7 


6-07 


0-99 


8-33 


28-33 


1200 


5-72 


0-99 


7-43 


26-26 


80-2 


6-21 


0-91 


6-70 


22-78 


76-5 


6-06 


0-86 


6-33 


21-62 


64-5 


4-90 


0-86 


6-70 


22-78 


66-3 


4-85 


0-92 


6-91 


20-10 


61-2 


4-67 


0-82 


5-32 


18-10 


34-3 


4-26 


0-82 


4-68 


15-91 


20-4 


3-63 


0-74 


2-46 


8*36 


10-0 


3-16 


0-66 


1-71 


6-81 


2-2 


1-86 


0-49 



Soiled Joists. — This well-known, most nseful, and deservedly 
popular section is shown in Fig. 13. 

The web is most commonly rolled with parallel sides, the 
flanges being tapered, and connected to the web with roundings in 
the internal comers. The proportion of web thickness to flange 
thickness, the amount of taper on the latter, the radii of the 
roundings, have been, as in other sections, variable with different 
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makers. These proportions exert some influence on the precise 
values of the moments of inertia and resistance, and the manu- 
facturers of this section frequently give in 
their trade catalogues the mechanical ele- 
ments and exact proportions of the sec- 
tions rolled by them. This course is com- 
mendable in preference to the compilation 
of tables of strengths in which the data of 
the calculations are absent. 

In the British standard section the 
thickness of web and flanges^ the taper 
of the latter, and the radii of the con- 
necting curves, are all standardized, and 
the mechanical elements of the standard 
section wiU be found in the publication 
previously referred to. 

The depths of this section as usually found in the market 
range from 3 inches to 24 inches, and the width of flange from 
1\ inch to 8 inches. 

This width of flange has recently been exceeded in continental 
rolling mills, and the section thus produced offers considerable 
advantages in column design owing to the increase of the least 
radius of gyration, and in the arrangement of details in connections, 
where the additional space afforded is often very convenient. 
Notwithstanding the width of flange the section can be very 
cleanly rolled, right out to the edge of the flange, and straight and 
true in its length. 

The proportions of depth and width require careful con- 
sideration when selection is being made of a section suitable for 
the purpose in view. The economy of this section as regards 
riveting, and the facility with which, aided by the table of strengths 
obligingly furnished by the manufacturer, the selection of a 
section for strength ccui be made, undoubtedly contribute to the 
favour in which the rolled joist is held. It is questionable, 
however, as a matter of taste, how far the indiscriminate use of 
the section, especially in the largest sizes, contributes to the 
artistic appearance, if it may be so called, of well-designed 
ironwork, and it must be confessed that economy of both cost 
in manufacture and painstaking in design are frequently attained 
at the expense of appearances. It is to be feared, however, that 
any regard for appearances in structural steelwork, if it implies 
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any increase in cost^ real or imaginary, will in these competitive 
days be regarded by many as an economic heresy. 

No universally recognized standard of proportion of the flanges 
and web of rolled joists had, up to a recent period, been arrived at 
by manufacturers. Published lists of sections show considerable 
variation in the proportion of web thickness to flange width, of 
web thickness to height of joist, of mean thickness of flange as 
compared with width, or with height of joist. The thickness of 
web is found to range between seven and twelve hundredths of 
the flange width in joists of Z^ inches width of flange and upwards, 
and may be taken to average about eight hundredths. In joists 
under 3 J inches in flange width the web will average about one- 
tenth of flange width. The mean thickness of flange is equally 
variable, and will be found to range between five and nine 
hundredths of the height of joist in joists above 6 inches high. 
In shallower joists the mean flange thickness will range from eight 
to twelve hundredths. 

The maximum moment of inertia of the cross-section will 
increase in value per unit of area as the web becomes thinner, 
but the student need not be reminded that the moment of inertia 
is not the only standard of the ultimate actual strength of the 
joist. Apart from the practicstl requirements of the rolling mill 
the web must be thick enough not only to withstand the usual 
web stresses, but also to resist the effects of corrosion, and to 
assist the top flange to resist the buckling tendency under com- 
pression which is found in practice to limit the strength of the 
joist when not supported laterally, the compression flange under 
these conditions usually failing by lateral flexure before the full 
tensile resistance of the metal in the lower flange has been 
attained. 

Within the usual limits of variation of web thickness as rolled 
by different manufacturers, the maximum value of the moment of 
inertia compared with the total sectional area or weight per foot 
run will be attained when the flange thickness is from nine to ten 
hundredths of the height of the girder, but the economic ef&ciency 
is practically equally as great between the limits of six and 
twelve hundredths, and the lower value of flange thickness is the 
one more usually found in joists above 6 inches in height. 

The following table is based upon an assumed web thickness of 
008 (width of flange) in all joists above 3^ inches wide, and O'lO 
(width of flange) in joists under that width. The values of the 
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moments of inertia (taken about the axis a — V) are given for 
varying proportions of flange thickness, and these will be found to 
cover the variations usually found in practice. The radii of 
gyration (for use in column and strut design) are given about the 
axes a — 6 and c— rf respectively. 



TABLE No. 27. 

The Pbincipal Mechanical Elements of Rolled Joists. 

(See Fig. 13.) 



\i 



0^05 
0-06 
0-05 
0-06 
0^06 
0-06 
0-05 
0-06 
0-05 
0-06 
0-05 
0-06 
0-05 
0-06 
0-05 
0-07 
0-05 
0-07 
0-05 
0-06 
0-05 
0-06 
005 
0-06 
0-05 
0^06 
0-06 
0-07 
0-06 
0-08 



20" X 7i" 



»» 



99 



\» 



19f X 1\ 

»» >» 
18" X 7" 



99 



99 



17}" -X 6f" 

9» 99 

16" X 6" 

99 99 

16" X 5" 
16f' X V 

99 99 

15" X 6" 

99 99 

15" X 51" 

99 99 

15" X 5" 

99 99 

14" X 6" 

99 99 

14" X ^' 

99 99 

13" X 5" 

99 W 

12" X 6i" 

99 99 

12" X 6" 



99 



99 



Areata 
square 
incbei. 


Welgbt 

InlSi. 

per foot 

mn. 


Momeot of 

inertia 

about the 

axle Qr-b. 

Fig. 13. 


BuUlof 

Axle 
a-6. 


gyration. 

Axis 
o-ef. 


25-8 


88 


1646-4 


7-92 


160 


28-56 


97 


1864-8 


8^08 


1-72 


24-59 


84 


1530-0 


7^85 


1-60 


27-25 


93 


1735-8 


7-99 


1^66 


21^67 


74 


1120-2 


7^20 


1-50 


23-99 


81 


1268-8 


7-27 


1^60 


20-57 


70 


1029-2 


7-09 


1^49 


22-80 


78 


1165-7 


7-11 


165 


16-51 


56 


674-3 


6-38 


1-22 


18-27 


62 


763-8 


6-40 


1-25 


13-76 


46 


561-9 


6-42 


1-10 


15-23 


52 


636-5 


6-46 


1-14 


16-55 


56 


656-4 


6-30 


1-35 


18-35 


62 


743-7 


6-37 


1-41 


15-48 


53 


555-6 


5-98 


1-30 


18-79 


64 


700-0 


6-10 


1-35 


14-19 


48 


509-3 


5-97 


1-21 


17-22 


58 


641-7 


6-10 


1-26 


12-90 


44 


463-0 


5-98 


1^00 


14-28 


49 


524-5 


6-05 


1-04 


14-45 


49 


451-8 


5-62 


1-30 


15-99 


54 


511-7 


5-65 


1-36 


13-24 


45 


414-1 


5-60 


1-21 


14-66 


50 


469-0 


5-64 


1-26 


11-18 


38 


301-4 


5-18 


1-10 


12-37 


42 


341-4 


5-24 


1-14 


14-86 


51 


3491 


4-84 


1-49 


16-29 


55 


388-3 


4-88 


1-54 


13-71 


47 


322-2 


4-85 


1-35 


16-36 


56 


392-8 


4-92 


1-40 



Distance of 

axle a— 5 from 

ftrtheetedge 

of eection. 



10-00 

99 

9-87 
9-00 

99 

8-87 
8-00 

8-bo 

99 

7-87 

99 

7-50 
7^50 

99 

7-50 

99 

7-00 
6-60 

6-bo 

6-00 

99 
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i 


86cUon of Jolflt. 


Aiwln 

Bqnan 

ladiM. 


iDlSiL 

pw foot 
ran. 


M ODMBt of 

Inertia 

about th« 


RadUoTi 
Asia 


Axia 


Di*UlM0f 

ftftbaitedce 


s 










4-86 


c-d. 

1-26 




0-06 


12" X 5^" 


12-66 


43 


295-4 


6-00 


0-08 


»> ♦» 


14-99 


61 


359-9 


4-90 


1-33 


99 


0-05 


12" X 5" 


10-32 


35 


237-1 


4-80 


1-10 


6-00 


006 


»» »» 


11-42 


381 


268-5 


4-85 


1-16 


99 


0-07 


lOi" X 5" 


10-96 


37 


200-1 


4-27 


1-18 


5-25 


0-08 


99 9t 


11-93 


41 


219-3 


4-29 


1-21 


♦9 


0-05 


lOV' X 4f 


8-37 


281 
3li 
38 


140-8 


4-08 


1-04 


5-125 


0-06 


99 99 


9-25 


159-0 


4-17 


1-09 


99 


0-06 


10" X 6" 


11-42 


186-5 


4-04 


1-38 


5-00 


0-08 


99 99 


13-63 


46-5 


227-3 


4-08 


1-46 


99 


0-06 


10" X 5" 


8-60 


29 


137-2 


3-99 


1-10 


6-00 


0-08 


99 99 


11-36 


381 


189-4 


4-08 


1-21 


99 


0-06 


10" X 4i" 


8-57 


29 


139-8 


4-03 


1-03 


5-00 


0-08 


99 99 


10-22 


35 


170-5 


4-08 


1-09 


99 


0-06 


9y X 41" 


8-12 


271 


119-6 


3-88 


1-03 


4-76 


0-08 


99 99 


9-70 


33 


145-8 


3-90 


109 


99 


0-06 


9i''x4'' 


7-04 


24 


98-4 


3-74 


0-91 


4-625 


0-08 


99 99 


8-40 


281 
52I 


119-9 


3-78 


0-96 


99 


0-07 


O^x T 


1315 


176-4 


3-66 


1-65 


4-50 


0-09 


99 99 


15-47 


209-5 


3-68 


1-73 


99 


0-06 


9" X 5i" 


9-40 


32 


124-6 


3-64 


i-26 


4-50 


0-08 


9* 99 


11-24 


38 


151-9 


3-68 


1-33 


99 


0-06 


9''X4" 


6*84 


23^ 


90-6 


3-64 


0-92 


4-50 


0-08 


99 9» 


8-18 


28 


110-5 


3-67 


1-08 


99 


0-06 


9" X 3" 


5-61 


19 


70-4 


3-66 


0-66 


4-50 


0-08 


99 »» 


6-59 


221 
20| 


85-0 


3-69 


0-70 


99 


0-06 


81" X 3" 


515 


54-3 


3-25 


0-66 


4-125 


0-08 


99 99 


6-04 


66-5 


3-29 


0-70 


99 


0-06 


8"X6" 


9-14 


31 


95-5 


3-23 


1-37 


4-00 


0-08 


99 99 


10-90 


37 


116-4 


3-27 


1-45 


99 


0-06 


8"X6" 


7-61 


26 


79-5 


3-23 


1-15 


4-00 


0-08 


99 99 


9-09 


31 


97-0 


3-27 


1-21 


99 


0-06 


8"X4" 


6-09 


20| 
24| 


63-6 


8-23 


0-92 


4-00 


0-08 


99 99 


7-27 


77-6 


3-27 


0-97 


99 


0-06 


r X 4" 


5-33 


18 


42-64 


2-83 


0-92 


3-50 


0-08 


99 99 


6-36 


?Ji 


51-98 


2-86 


1-08 


99 


005 


r'x3^' 


4-51 


36-29 


2-80 


0-83 


3-50 


0-06 


99 99 


5-00 


17 


39-97 


2-83 


0-86 


99 


0-06 


ei" X 3i" 


415 


14 


26-66 


2-53 


0-80 


3-125 


0-08 


99 99 


4-96 


17 


32-37 


2-56 


0-85 


99 


006 


61" X 3" 


3-88 


■i 


23-60 


2-47 


0-66 


3-125 


0-08 


99 99 


4-67 


28-47 


2-50 


0-70 


99 


0-( 


)6 


6f X 2" 


2-60 


15-73 


2-46 


0-44 


3-125 
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0-08 
0-07 
0-09 
0-06 
0-08 
0-06 
0-08 
0-06 
0-08 
06 
0-08 
0-06 
0-08 
0-10 
0-12 
0-10 
0-12 
0-08 
0-10 
0-08 
0-10 
0-08 
0-10 
0-08 
0-10 
0-07 
0-09 
0-06 
0-09 
0-08 
010 
0-08 
0-10 
0-11 
0-13 
0-08 
0-10 
0-08 
0-10 



Section of Jotot 



6i" X 2" 
6" X 5" 



>♦ 



»» 



6" X W 
6" X 3" 

6" X 2" 

» >i 
61" X 2" 

Si" X li" 

6" X 6" 

»» »» 

S-X*!" 



«• 



»> 



6" X 4i" 



l» 



>» 



5" X 3" 



^' X If 

4" X 3" 

>» >» 



If 

31' 



4" X 2 

» I 
4"X1| 

3J" X 3" 



«* 



31" X U" 



»» 



l> 



3" X 3" 

»♦ ♦» 
3" X IJ" 



»» 



3" X li 



»» 
iw 



>f 



f» 



Area In 
■qnare 
inches. 



3-05 
6-26 
7-37 
514 
613 
3-74 
4-39 
2-49 
2-93 
2-29 
2-68 
1-63 
1-92 
6-60 
7-52 
5-94 
6-75 
4-83 
6-61 
3-66 
4-20 
2-03 
2-33 
2-93 
3-36 
1-81 
2-09 
1-45 
1-83 
2-56 
2-94 
1-28 
1-47 
2-68 
3-00 
1-09 
1-26 
0-91 
1-05 



Weight 

in lbs. 

perfbot 

run. 



101 

2l| 

25 

171 

21 

122 

15 

8i 
10 

n 

22I 
251 

20| 

23 

161 

19 

121 

6| 
8 
10 

?! 

5 

% 

10 
4i 
5 

.21 

i 

3 

3J 



Moment of 

inertia 

aboDt the 

axis a—b. 

Fig. 13. 


Badii of gyration. 

Axis Axis 
a — b. e — d. 


Dlstonce of 
axis a— b 

firomfliTthest 
edge of 
section. 


18-98 


2-49 


0-47 


3-125 


37-33 


2-45 


1-18 


3-00 


44-34 


2-45 


1-24 


»» 


30-21 


2-43 


1-03 


300 


36-83 


2-46 


1-09 


»» 


20-87 


2-37 


0-66 


3-00 


25-19 


2-39 


0-70 


i» 


13-92 


2-36 


0-44 


3-00 


16-79 


2-39 


0-47 


»» 


10-72 


2-16 


0-44 


2-75 


12-94 


2-19 


0-47 


>» 


6-99 


2-07 


0-33 


2-625 


8-44 


2-09 


0-36 


»i 


27-55 


204 


1-26 


2-50 


3105 


2-04 


1-29 


»» 


24-79 


2-04 


1-13 


2-60 


27-94 


2-04 


1-16 


»♦ 


20-13 


204 


1-03 


2-50 


23-42 


2-04 


1-07 


»> 


14-58 


2-00 


0-70 


2-50 


16-85 


2-00 


0-73 


»» 


7-29 


1-90 


0-41 


2-375 


8-42 


1-90 


0-44 


19 


7-46 


1-60 


0-70 


2-00 


8-62 


1-60 


0-73 


»» 


4-60 


1-58 


0-45 


2-00 


5-37 


1-60 


0-48 


>» 


3-61 


1-58 


0-38 


2-00 


4-70 


1-60 


0-42 


» 


5-00 


1-39 


0-70 


1-75 


6-78 


1-40 


0-73 


>» 


2-50 


1-39 


0-35 


1-76 


2-89 


1-40 


0-37 


9« 


3-86 


1-19 


0-74 


1-50 


4-29 


1-19 


0-76 


»> 


1-57 


1-20 


0-35 


1-50 


1-82 


1-20 


0-37 


»» 


1-31 


1-20 


0-29 


1-50 


1-51 


1-20 


0-30 
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It is CTistomary to specify the width of flange and total depth 
coupled with the weight per foot lineal of the rolled joist required, 
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and this is doubtless the most desirable course to pursue. It 
leaves, however, the exact relative thicknesses of web and flanges 
an open question, though the total sectional area is of course 
governed by the weight per foot. If, on the other hand, the 
designer specifies the thickness of web or flange, he must in all 
probability be prepared to accept the section rolled by some one 
particular maker, and in such a case he will do well to follow the 
dimensions given in the trade section books. These remarks do 
not of course apply to the use of the British standard section, 
where the thicknesses of web and flanges for the given depth, 
width, and weight are standardized. As regards the values of the 
moment of inertia given in the above table, and based upon the 
proportions of web and flange stated, it may be remarked that for 
any weight per foot lineal of joist of any one particular section 
not found in the table, the moment of inertia for that weight may 
for approximate calculations be taken as simply proportional to 
the weight per foot. 

The value of the least radius of gyration will not be found to 
vary materially for any practical variation of the section within 
the limits usually rolled. 

Channels. — ^This section is represented in Fig. 14. The web 
is rolled with parallel sides, the flanges are tapered and connected 

to the web with rounded internal angles, 
and this is the type of the British standard 
section. Increase of weight beyond the 
minimum section is obtained mainly by an 
increase in web thickness. 

This section is frequently used as a beam 
in small bearers, as a strut in the compression 
members of lattice girders and roof trusses, 
and in riveted columns, while it is occasion- 
ally useful in certain connections as taking 
the place of two angles. 

If a small section of channel is required 
having a rivet through the web, as, for 
example, in the case of two channels crossing 
one another, back to back, and riveted together, care must be taken 
in the selection to secure one wide enough to permit of the 
formation of the point of the rivet For this reason in such cases 
a small angle will frequently be found preferable to a small 
channel. 
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As in rolled joist sections so in channels, no generally re- 
cognized standard of proportionate thickness in web or flanges 
appears to have been attained prior to the establishment of the 
British standard section. In the majority of cases the thickness 
of web and flanges is similar or nearly so, but occasional sections 
are found where the thickness of flange is greater than that of the 
web. Any increase in weight over the normal or minimum section 
is obtained by thickening the web, the flange thickness remaining 
practically constant. 

In the following table the thickness of web and flanges is 
assumed as uniform all over. The standard thickness of the 
British standard channel shows a flange thickness greater than 
that of the web, and the student is referred to the '' Properties 
of British Standard Sections" for the corresponding mechanical 
values. 

TABLE No. 28. 

The Principal Mechanical Elements of Channels. 

(See Fig. 14.) 



Section of dumnel. 



15f X 3" X f 

rxf 

1" 



16' X 
12" X 

12" X 3i" x'i" 
12" X 3* X 4s 
12" X 2i" X I" 
llf X 3" X i" 
10* X 4" X X" 
10" X 3"- ^" 
10" X 21" 



9i" X 3|" X t" 



9i" X -, 
9"x3i" 



"a ^ T« 

9" X 3* X r 

9" X 2i" X f 

8i" X 2i" X H' 

8" X Si* X f 

91" V 1" 



8"x 
8" 



X2i' 



Are* in 
rqoare 
inches. 


Weight in 
lbs. per 
footmn. 


Moment of 

inertia 
about the 
axis a — &. 


RMiilof 


gyration. 






Fig. 14. 


Axis a— ft. 

5-45 


ArUe-d. 


10-37 


36i 
46} 
32| 
30| 


308-2 


0-74 


13-59 


393-8 


6-38 


1-01 


9-50 


187-8 


4-45 


114 


9-00 


171-2 


4-36 


0-97 


7-48 


26i 


138-6 


4-30 


0-81 


8-00 


27i 
282 
25| 


138-1 


4-15 


0-62 


8-43 


150-5 


4-22 


0-81 


7-50 


107-8 


3-79 


1-17 


6-62 


221 


87-8 


3-64 


0-83 


6-18 


21 


77-8 


3-55 


0-66 


6-66 


222 
22| 


87-5 


3-62 


0-88 


6-72 


81-0 


3-47 


1-00 


6-62 


22i 
18i 


75-7 


3-38 


1-00 


5-34 


59-4 


3-33 


0-86 


4-96 


17 


52-4 


3-25 


0-68 


5-41 


23| 
20i 


48-0 


2-98 


0-68 


7-00 


63-58 


3-10 


1-00 


6-00 


49-50 


2-87 


0-68 


4-40 


15 


36-45 


2-88 


0-61 



Distance 

of axis 

a — h ftom 

farthest 

edge of 

section. 



7-87 
7-50 
6-00 
6-00 
6-00 
6-00 
5-93 
5-00 
5-00 
5-00 
4-94 
4-62 
4-50 
4-50 
4-50 
4-12 
4-00 
4-00 
4-00 
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Section of dMuuel. 



8"X 

7fx 
71" X 
71" X 
7"X 
7"X 
7"x 
6"X 
6"X 
6"X 

e-x 

Cx 
6"x 

5|"X 

5i"x 

5"X 

6"x 

41" X 

-ti"x 

4|"X 

4"X 

4rx 

3i"x 

3"X 

2f X 

2fx 

2"x 

ifx 

If X 

irx 



2"X?' 



VI 



3i" 
2f 

Qi»r 

3^ 



V 1" 

xf 



V 5" 

2"xt' 
4" X f 
3i" X f 
3* X f 

V ^" 



8, 



2k 
2f 

2- 
2''\f 

1 1'' v» 3« 

2* X r 

I iw w 3« 

^a A g 

i> 

li" 
1?" 

If . 

II A til 

;3_W 



Xf 

■^ Irt 

V -L" 

^ IG 

V ii' ' 
^ 8 

Xf 

xf 
xf 
xf 



4 ^ 16 



Area In 

■qnare 

iQcbct. 



4-22 
7-18 
6-66 
4-56 
6-50 
6-00 
3-84 
6-60 
4-59 
4-22 
3-84 
3-47 
2-78 
4-75 
3-65 
4*94 
3-09 
2-72 
2-90 
2-63 
3-14 
214 
2-00 
2-15 
1-37 
1-06 
1-06 
0-94 
0-49 
0-68 
0-49 



Weight In 

lbe.per 

footnio. 


Moment of 

inertia 

abonttbe 

axis a— 6. 

Fig. 14. 


RadUofi 
AxU a-h. 

2-83 


Qrration. 
Axisc — d, 

0-51 


Dletao€e 
of axle 

fartheet 
edge of 
section. 


i-H 


33-73 


4-00 


24* 
22I 


64-60 


8-00 


1-13 


3-94 


66-10 


2-92 


0-91 


3-94 


151 


37-69 


2-88 


0-68 


8-94 


22i 
20| 


46-04 


2-66 


1-10 


3-60 


40-76 


2-61 


0-88 


3-60 


13 


24-10 


2-61 


0-53 


3-50 


22i 
15f 
14| 


35-64 


2-34 


1-24 


300 


26-31 


2-34 


1-01 


3-00 


22-34 


2-30 


0-91 


3-00 


13? 


19-37 


2-24 


0-73 


300 


12 


16-40 


217 


0-55 


3-00 


H 


12-89 


2-15 


0-42 


3-00 


16| 
I2I 


20-87 


2-10 


0-71 


2-87 


16-68 


2-07 


0-74 


2-75 


17 


18-32 


1-92 


0-86 


2-56 


lOj 


10-43 


1-84 


0-58 


2-50 


n 


8-42 


1-76 


0-40 


2-60 


10 


805 


1-66 


0-68 


225 


lOj 


6-45 


1-60 


0-41 


2-25 


7-81 


1-57 


0-76 


2-06 


n 


4-73 


1-49 


0-42 


2-00 


7 


4-19 


1-46 


0-41 


2-00 


3| 


3-42 


1-26 


0-43 


175 


1-76 


1-13 


0-45 


1-50 


0-81 


0-87 


0-35 


1-18 


0-74 


0-83 


0-38 


1-12 


i 
n 


0-50 


0-73 


0-33 


1-00 


0-18 


0-61 


0-18 


0-87 


A 


0-23 


0-58 


0-38 


0-75 


i| 


0-14 


0-53 


022 


0-76 



Further reference will be made to the use of channels in the 
practical design of columns or struts. 

Zed Angles. — This useful section is shown in Fig. 15. It is 
largely used in the frames of ship and caisson work, having a 
considerable moment of inertia for its weight, as compared with 
angles or tees, with ample width of Uange for riveted con- 
nections. 

The web is rolled with parallel sides, the flanges having a 

taper and being connected to the web by curves at the internal 
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angles. In the British standard section the flanges have no taper, 
but are of uniform thickness. 

Increase of weight beyond the minimum section is obtained by 
thickening the web, the width of flange 
being slightly increased. 

The section is frequently rolled 
with a uniform thickness of web and 
flange, the latter being tapered as above 
described, and the quoted thickness 
being the mean between that of the 
root and of the point of the flange. 
The flanges of the British standard 
section have a thickness in excess of 
that of the web. 

Occasionally the flanges are rolled 
of unequal width ; this is a convenience 
where additional width is required for fio. 15, 

heavy riveting, and in those cases where 

the lesser width of flange is sufficient for the riveted attachments, 
then the increased width of the other flange yields a laiger moment 
of inertia. The thicknesses given in the following table are 
approximately those td which the various sections are rolled as a 
minimum; for other thicknesses than those given, the moment 
of inertia may be taken for approximate calculations as proportional 
to the sectional area or weight for each section. 

The table on page 104 gives the dimensions, sectional area, 
weight per foot lineal, moments of inertia, radii of gyration, etc., 
for Zed angles. 

Further reference will be made to the use of Zed angles in the 
practical design of columns or struts. 

In the preceding pages the sections which have been described 
and of which the tables of the principal mechanical elements have 
been given, viz. angles, equal and unequal-le^ed, tees, bulb tees 
or deck beams, rolled joists, channels, and Zed angles, are those 
which may be called the elementary or standard sections, which in 
combination with plates and bars are most ordinarily employed 
in riveted constructional steelwork. It is not possible to consider 
in detail the very numerous forms of rolled sections, other than 
those above mentioned, employed for special purposes. These 
include, for example, the varied sections of railway bars (bull- 
headed, bridge, and flat-footed), fish plates, tramway rails, guard 
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TABLE No. 29. 

The Pbincipal Mechanical Elements of Zed Angles. 

(See Fig. 15.) 



SectlOD of Zed angle. 
Depth XflMigw. 



10" X 31" X 3i" X i" 
8" X 31" X 31" X i" 
7" X 31^' X 3i" X f 
7" X 3* X 3" X f 
6" X 31" X 31" X I" 
6" X 3* X 3" X f 
51" X 31 X 31" X f 
61" X 3* X 3' X r 
5* X 31" X 31" X r 
6" X 3* X 3" X f 
4" X 3" X 3" X I" 



ArMio 
aquare 
incliea. 



8-00 
7-00 
6-50 
4-59 
4-69 
4-22 
4-40 
4-03 
4-22 
3-84 
3-47 



Weight in 

Iba. 

per foot 

run. 



27^ 
23| 
22| 
15| 

15 

13f 

14^ 

13 

llj 



Moment of 

inertia 
about the 

Fig. IS. 



109-41 
63-68 
46-04 
82-34 
26-31 
22-34 
20-61 
18-16 
16-47 
14-46 
8-49 



Eadii of gjntlon. 



Aada 



3-70 
3-10 
2-66 
2-65 
2-34 
2-30 
2-16 
2-12 
1-96 
1-94 
1-66 



Asia 



I 



Distanoeof 
aziao — d 

fh>m 

futheet 

edge of 

aection. 



1-20 
1-28 
133 
1-13 
1-41 
16 
43 
17 
46 
20 
26 



6-00 
4-00 
3-50 
3-60 
3-00 
3-00 
2-75 
2-76 
2-60 
2-50 
2-00 



rails, sections of trough flooring (usually' formed in hydraulic 
presses), quadrant sections for pile-work, half-round, segmental, 
or cope steels, sash-bars, and fancy and other sections. 

The mechanical elements of square, round, hexagonal, and 
octagonal bars have not been given in the tables, as these can be 
easily obtained by the usual arithmetical processes. 

With respect to the use of plates and bars, it is sufficient to 
point out that the dimensions to which these can now be rolled 
are amply sufficient to meet all legitimate demands of the desicoier 
of constructional steelwork. Various makers have their own 
standard maximum dimensions to which plates, sheets, or flats 
can be rolled, and it is customary to assign a limit of superficial 
area for each thickness of plate, which is not exceeded without 
entering into special arrangements. Thus for a |-inch plate, the 
limit of area is given by one authority as 135 square feet, the 
maximum length of plate being 42 feet, and the maximum width 
7 feet 6 inches, it being understood that maximum length and 
maximum width are not rolled together, but that, given the length, 
the width is such as not to exceed the limit of area, or vice versa. 
^gain, for a plate | inch thick, a limit of 250 square feet is given, 
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the maxima of length and width being 56 feet and 10 feet re- 
spectively. 

With respect to flats, usually so called when the width does 
not exceed 12 inches to 16 inches, the available length obtainable 
without joint will usually be found to meet all practical require- 
ments, as other considerations, such as the maximum length 
permissible for transport or shipment, very frequently rule the 
case. 



CHAPTER III. 

UPON CERTAIN APPLICATIONS OF RIVETED GIRDERWORK, 
WITH SOME REMARKS UPON RIVETS AND RIVET-HOLES. 

QoDcral remarks — Examples of yarioos types of girderwork— Remarks upon the 
design of riveted connections —Fundamental roles and the study of good 
examples — The making of riyet-holes — Punching and the punching machine 
— Butts, and the holes which they imply — Drilled holes — The templet system 
— ^Making and use of templets— k>>mhiAed punched and drilled or rimered 
holes— Riyets — Shape and dimensions of riyet-heads — Pan-heads — Cup-heads 
— Percentage of weight of heads and points — Table of weights of heads 
and points — Methods of riyeting — ^Hand riyeting — Hydraulic riyeting— Pneu- 
matic riyeting — The pneumatic hand hammer and its applications — Qirder- 
work as applied to bridge construction — ^Example of yiaduct construction — 
Cast-iron cylinders— Details — Lengths of cylinders — Bottom lengths — Upper 
lengths and cap— Holding-down bolts of main girders— Cylinder bracing- 
Main girders— Footway and flooring — Cross girders — Expansion arrangements 
— ^Roadway — Details in connection with mixed traffic— Curbing — ^Girderwork 
for machine or boiler shops, steel foundries, engine-houses, etc — ^Traydller 
girders — Trayelling cranes and their loads — Wheel pressures — Crane wheels — 
Table of weights of oyerhead trayelling cranes — Analysis of total loads and 
resulting reactions of supports — Minimum dimensions and clearances for oyer- 
head trayelling cranes — Headway required — Truth of gauge of road for oyer- 
head trayeUing cranes — Types of girders for roadway — Sections of rails and 
methods of connection— Roadway at walls of shops— Details — ^Lattice girder- 
work for roofing — Example and details of riyeted connections — Application of 
girdorwork to the support of cast-iron water-tanks — Consideration of the details 
of the tanks themselyes — General arrangements of such tanks — ^Bottom and 
side plates — Subdiyision of tanks — Plate flanges — ^Tie rods— Arrangement of 
girderwork— Details of roofing arrangements in connection with tanks — Gutters 
and gangways— Connections of pipe-work, etc.— Table of the weight of mild 
steel bolts and nuts. 

EiVETED girderwork in general covers so wide an area of con- 
structive pr£totice, and its application is found in so many different 
directions, that it is hopeless to deal adequately with the subject 
in one chapter of such a collection of notes as the present. All 
that can here be done is to offer to the student some examples of 
the application of girderwork in one or two particular directions, 
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accompanied by a few remarks on some practical aspects of rivets 
and rivet-holes. 

Nor can the theory of the beam be in any way entered on. 
The methods of determining bending moments, either by graphic 
or analytic^ methods, the theory of shearii^ forces, and of stresses 
in triangulated or latticed structures, together with the processes 
of apportioning the sectional areas of metal required, and of 
determining the correct lengths of flange-plates, etc., must be 
assumed to have been acquired in greater or less d^ree by the 
reader of these notes. 

The same remark must also be taken to apply to what may 
be called the theory of riveted joints in the application of safe 
limits of shear and bearing stresses.^ 

The examples of various types of girderwork which are given 
in the illustrations which follow are all of comparatively small 
span, not exceeding 60 feet, as the consideration of girders of very 
large span does not enter within the limits of these notes. 

Thus in Figs. 66 and 73 we have examples of ordinary single- 
plate web-girders to carry traveller rails, while in Figs. 244 and 245 
we have details of a double-webbed or box-girder for the same 
purpose. 

Figs. 116 and 117 show details of single-webbed plate-girders 
carrying tank-work above, forming a portion of the roof over an 
engine-house, and it will be convenient to consider, in connection 
with these girders, such details of the tanks themselves as will be 
found practically useful to the draughtsman. 

In Figs. 33 and 51 are given details of single- web plate- 
girderwork for bridge construction of the type described, and in 
Figs. 360 and 361 are found details of box and single-web girders 
used in jetty construction. 

Figs. 82 to 101 show some details of lattice girders for roof 
construction, especially those details of riveted connections which 
are all important in these as in other branches of girderwork. 

It is somewhat difficult to describe in so many words all the 
mental processes which attend the design by an experienced 
draughtsman of a well-thought-out riveted connection, and yet 

^ Among the ntuneroiu treatises which have been issued on these snbjects the 
student may profitably consult Part IV. of <' Notes on Building Gonstmotion," in 
addition to more advanced works on the same subjects ; " Bridge Construction," by 
Prof. T. Glaxton Fidler (Griffln); and as regards riveted joints, Prof. Unwin's 
*' Machine Design " (Longmans). 
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there is no detail associated with the design of structural steel- 
work which will more reveal the efficiency or otherwise of the 
designer than this. 

It is true that all the mechanical elements which form the 
basis of the design of the connection may be present to his mind — 
the total stress, the number and area of rivets, the bearing areas, 
may all have been correctly determined and provided for, but 
there will often remain a residuum of conditions to be met 
outside theoretical requirements as to which there may be a 
right way or a wrong way of procedure. The experienced 
draughtsman will almost instinctively choose the right way, 
although he might find a difficulty in explaining in a few words 
the reasons for his choice. 

Oblique connections of all sorts will generally tax the 
ingenuity of the draughtsman more than those which are 
square, and if the conditions on one side of the girder or the 
connection differ in some way from those on the other, it is 
always desirable to remember "both ends of the rivet, and not that 
end only which is represented on the plane of the paper. There 
are not wanting in public places evidences of the want of this 
precaution, which may serve as examples to the junior draughts- 
man of a wrong method of procedure, of how not to design a 
riveted connection. 

The fundamental rules which, after the proper determination 
of the mechanical elements of the strength of the joint has been 
made, will govern the general design are: the grouping of the 
assemblage of rivets on the centre line or line of action of force 
of the connected members ; the reduction to a minimum of loss of 
section; the proper pitch of rivets, which for certain classes of 
joints sometimes requires to be as close as possible to avoid 
clumsiness;^ the minimum distance from edge of rivet-hole to 
edge of member to avoid any risk of bursting out ; and, lastly, the 
accessibility of all parts and the provision of sufficient space under 
all conditions for the operations of riveting and holding up. These 
rules, if carefully followed and intelligently applied, should lead to 
satisfactory design. But the study of good examples will be more 
instructive to the young draughtsman than verbal instructions, 
however complete, and it is hoped that some assistance will be 

^ In water-tight work and for boilers or reoeiyers riTet spacing is governed bj 
praotioal consideration of caulking, and the necessity for a sound water or steam or 
air-tight joint. 
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derived from the examples figured in the following pages, where 
the riveting is distinctly shown, although the general scale of the 
construction may be but smalL 

The student who, in the course of his inspection of the methods 
and practice of a girder-maker's or bridge-building yard, observes 
the process of work carried on by the punching machines, will find 
one of the results of that operation to consist of a heap, under the 




Fig. 16. 




Fig. 17. 



machine, of punchings, or, as they are usually called, " burrs," ^ 
being the circular discs of metal forced out of the plate or bar in 
the operation of forming a "punched" rivet-hole. The precise 
shape and size of the burrs will vary with the diameter of rivet to 
be employed and the thickness of the material through which the 
hole is made, but in general will exhibit the features shown in 
Figs, 16, 17, which are f full-size sections through burrs from 
punched holes intended for a 
|-inch rivet through a |-inch 
plate or bar, the precise 
features of the upper and 
under surfaces of the burr 
varying with the type of 
punch employed, the flow of 
material prior to, or simul- 
taneous with, the final shear- 
ing of the circumferential 

area being shown by the bulging of the under surface of the burr 
as shown. 

If the student now lays, say, three of these burrs together, so 
that their circumferences are in close contact, as shown in Fig. 18, 
it at once becomes evident that the burrs are not portions of 




Fig. 18. 



^ For the use of *'biim" in the fonnation of sprcial oonorete in ballast of 
maximnm density, see p. 402. 
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cylinders, but portiona of cones, the angle of the cone being 
determined by the amonnt of clearance between the panch and 
the die, the greater the clearance the greater being the departure 
from a truly cylindrical form. Thus, as the burr is conical, the 
hole in the plate or bar is also conical, and we arrive at one of the 
distinctive features of a punched hola 

Callipered measurements from burrs will show an average 
difference of about ^'^ inch between the lai^er and smaller 
diameters of the burr,' being 
equivalent to a rate of slope in 
the side of the cone of about I 
in 8, in plates of from f inch to 
\ inch thick. 

It is true that in those cases 
where two bare or plates are to 
be riveted together (and two 
only), as shown in Tig. 19, and 
the holes have been punched 
Fi6. 18. from the meeting or "faying" 

surfaces, the double cone pro- 
duces an approximation to a double countersink, and is not so 
far objectionable, as it possesses in itself a certain element of 

I I 




FlO. 20. Fio. 21. 

strength to resist pulling apart of the plates, even if the beads 
and points were absent. 

But where the number of thicknesses to be riveted together 
exceeds two, we have a condition of aSaira which may assume a 
variety of shapes according to circumstances, as sketched in Figs. 
20, 21, although by a use of the conical drift, wbicb can 
hardly be called legitimate, some approximation to a roughly 
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cylindrical hole may be obtained at the cost of a considerable 
amount of rough usage and distress of the surrounding metal. 
Thus far we have assumed the axis of the conical holes to be 
perfectly straight^ or, in other words, that the holes have been 
tmly centred one over the other in all the thicknesses passed 
through. If this be not so, the conditions become aggravated, the 
quality of the work deteriorates in the same degree, while the 
^legitimate use of the drift becomes still more pronounced. 

The ideal rivet-hole is truly cylindrical, each hole in each 
thickness of plate or bar being exactly concentric with the 
adjacent holes, so that the axis of the cylinder remains perfectly 
straight and square to the plane of junction, whatever be the 
number of thicknesses joined. These conditions are only perfectly 
attained when the holes are drilled through all the thicknesses of 
plates at one operation, and this method is frequently adopted in 
special cases, or where the conditions or importance of the work 
render such a course desirable, multiple drills being sometimes 
employed, by which the position of a number of holes can be 
simultaneously and very accurately determined with respect to 
each other. But for the ordinary run of structural steelwork with 
which we are here mainly concerned, a process such as this is found 
costly or inconvenient, and other means must be adopted to secure 
not only that the holes in separate plates shall be truly concentric 
when assembled together, but also that their pitch or position with 
respect to each other shall be accurate. 

In punched work the holes in each individual plate or bar are 
punched separately, and this is also the case with drilled work, 
except in the special cases above mentioned. It is, therefore, in 
the assembling of these separate parts together prior to the 
insertion of the rivet that the accuracy or want of accuracy of 
the methods adopted becomes evident, and the examination of the 
holes for rivets or other connections becomes an important part of 
the duty of those who may be charged with the inspection of 
riveted steelwork. 

In the bulk of structural steelwork of good quality the method 
by which the accuracy of the setting out of rivet-holes is main- 
tained is that known as the " templet " system, and the '' templet 
shop" in a bridge-building or girder-buUding yard occupies an 
important position, inasmuch as the care with which the work is 
set out in this shop is a very powerful factor in the ultimate 
quality of the finished work. The templets employed are 
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sometimea of iron, but generalt^ of vood, and the setting out of 
templet work may be described as careful full-size draaghtsman- 
ship on wood, each nvet-hole being accurately set out in its correct 
position, whether it be a bole near the edge of a plate, a hole in an 
angle cover, or in any other position required, and bored through 
the thickness of the templet, to suit the size of a centre punch, 
which, being passed through the hole in the templet with a blow 
from the hammer in the hand of the plater, marks, as shown in 
Fig. 22, upon the surface 
I of the Bteel plate or bar 

I the centre of the rivet- 

hole which is subsequently 
punched or drilled out. 

The next stage of the 
process is one which at 
first sight appears to offer 
opportunity of error which 
would go far to destroy 
the original accuracy of 
the templet, for as the bar 
or plate (frequently of 
considerable dimensions 
and weight) is passed 
through the punching 
machine, the operation of 
placing the centre-punch 
mark exactly under the 
} centre of the punch de- 

I mands skill of eye and 

Fio. S2. hand (assisted sometimes 

by certain mechanical do- 
vices, such as racks, etc ) on the part of the mechanic in charge of 
the machine. A very considerable degree of accuracy may 
nevertheless be attained, as is proved when good work of this 
class is assembled together. 

Excellent work can be produced by a system which stands 
intermediate between punched and drilled work and partakes of 
some of the advantages of both. £ach rivet-hole is first punched 
out, the largest diameter of the punched hole being from ,^ inch 
to \ inch less than the diameter of the finished drilled hole. The 
plate or bar is then transferred from the punching machine to the 
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drilling machine^ and the punched hole is enlarged, or rimered, to 
the finished diameter required, as shown in Fig. 23. It follows 
that the conical hole has dis- 
appeared, together with a 
certain zone of metal which 
may have been overstrained 
or distressed in the process 
of punching, and is replaced 
by a truly cylindrical hole. 
As, however, the point of 
the drill, or rimer, in entering 

the punched hole is guided in direction by that hole, the axes of 
the punched and drilled holes remain the same for all practical 
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purposes, and any material error in position of the punched hole is 
not modified in the process of drilling. 

I 
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Notwithstanding, as above stated, excellent work is produced 
by this method, and the accuracy of the holes when assembled 
together can be made to fulfil all requirements of first-class work, 
though not equal to that which would result from the process of 
drilling through all thicknesses at once. 

Certain roughnesses left on the surface of the steel plate or 




I 



1^ _ /^6__ _^ 



/ hole. 

Fio. 27, 




F"%Fh 



// 



% hole. 

Fig. 28. 




%hde. 

Fig. 29. 



bar at the edges of the holes as the tool enters or emerges from the 
hole should be scraped oflf before the meeting surfaces are placed 
together for riveting, as they tend to prevent close contact. 

Details of the mechanical tests of mild steel for rivets are 
given in Table No. 14, p. 41, and the chemical analysis of a 
sample for the same purpose will be found on p. 52. 

A comparison of the rivets manufactured by various makers 
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and commonly used in constructional steelwork will show certain 
variations in the shape and dimensions of the heads. 

Figs. 24 to 32 have been drawn and measured from actual 
specimens as manufactured and used by well-known firms in 
this country. As a rule, mild steel rivets have heads and points 
somewhat heavier than those employed for wrought-iron rivets. 

Figs. 24, 25, 26, show pan-headed rivets, and Figs. 27, 28, 29, 
show one type of cup-headed rivets, while Figs. 30, 31, 32, show 
cup-headed rivets of somewhat diflferent shape. For the 
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combination of punched and rimered holes above described there 
will be a difierence of about ^l^ inch between the diameters 
of the hole and the rivet to allow for entry. The student will 
consequently appreciate the distinction between a rivet figured 
for, say, 1 inch hole, and a rivet figured as 1 inch diameter, and as 
by the terms of most specifications the rivet is to fill the hole, a 
rivet, say, of f| diameter may for purposes of calculation be reckoned 
as 1 inch diameter when completed. 

In the estimation of weights of structural steelwork the weights 
of the heads and points of rivets (except where countersunk) must 
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be allowed for. The actual percentage will vary slightly in 
different classes of work, being greatest in those oases where the 
riveting is heavy relatively to the thicknesses of plates connected 
and the pitch close. About 4^ per cent, will, as a rule, be ibund 
sufficient for heavy girderwork, but a more reliable estimate in 
individual cases is arrived at by counting the rivets where prac- 
ticable and allowing the values given in the following table, in 
which the point or snap of the rivet is assumed to be of the same 
weight as the type of cup-head shown in Figs. 27, 28, 29. 

TABLE No. 30. 
The Weight of Heads and Points of Mild Steel Kivets. 



Diameter of rivet 


IP 

9 


8 


9n jn 
4 8 


1" 


Weight of head and point j 
of rivet in pounds per | 
hundred rivets ) 


9 


13 


24 


35 


50 



Tables of the weights of mild steel bolts and nuts are given at 
the dose of this chapter. 

While the older-fashioned methods of hand-riveting are still 
employed in those situations or under those conditions which 
require them, yet the great bulk of riveting is now carried out by 
machine- work, the power employed being usually either hydraulic 
or pneumatic. In the former process a steady pressure is applied 
to the heated rivet, which, if allowed to remain on long enough, 
produces a thorough filling up of the hole in a manner which cannot 
be surpassed. In the pneumatic or compressed air method the 
process may either be one of steady pressure, or of a succession of 
rapid blows produced by the tool known as the pneumatic hand, 
hammer, which, albeit somewhat noisy, has proved its efficiency 
in this direction, while similar processes are applied to caulking, 
drilling, and other mechanical work. A pneumatic holder-up is 
also used in connection with the hand-hammer, but is often 
replaced by the older hand method where convenience requires. 

Some difference of opinion exists as to which of the methods, 
hydraulic or pneumatic, as applied to hand-hammers, produces the 
soundest work in closing up the rivet. There is no doubt that 
good work can be produced by either mode, and the formation of 



RIVETED GIRDERWORK. 117 

the snap-head by the hand-hammer can be completed with great 
neatness and finish. 

The pneumatic hand-hammer also finds a place in certain 
processes as much associated ^yith architecture as engineering, 
being used in the dressing and carving of stonework. 

Oirderwork as applied to Bridge Constmotion. — It is obviously 
impossible in a collection of notes such as the present to deal 
even in the most elementary manner with the details of bridge 
construction in steel. The subject is one of immense extent, and 
the details of even one such structure of the first class and of very 
large span would suffice to fill a volume of itself. 

The example here chosen is selected merely as typical of the 
application of plate girderwork to a comparatively small structure 
of short spans, but as the work includes some other useful details 
of various kinds, it will be further discussed. 

The structure in question forms a viaduct connecting certain 
outlying jetties and wharves with the mainland. 

The roadway is therefore designed to carry a mixed traffic of 
foot passengers, railway lines, and ordinary road vehicles, together 
with certain provision made for pipe-work, such as hydraulic 
mains, etc. This combination required an arrangement of road- 
bed or bridge-floor adapted to meet the requirements of the 
conditions above described. 

Fig. 33 gives an elevation of one span of the viaduct, which is 
formed of a pair of heavy plate girders supported on cast-iron 
cylinders placed 60 feet apart longitudinally, and 25 feet 9 inches 
centre to centre transversely, as shown in Fig. 34, which is a cross- 
section of the viaduct at the centre of one of the spans, the clear 
width of roadway between main girders being 24 feet. 

The cast-iron cylinders were constructed in lengths of 6 feet 
in height as a rule, certain special or make-up lengths being 
supplied to reach the prescribed finished level at the girder-beds 
in accordance with the slightly varjdng depths to which the 
cylinders were sunk, determined by the nature of the strata 
reached, and by the amount of settlement of the cylinder imder 
the prescribed test-load. 

These lengths of cylinder were each cast in one complete ring 
without vertical joint. 

This method of construction can be easily carried out 
up to about 10 feet or thereabouts in diameter. For larger 
diameters it is usual to cast them in segments with vertical 
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joints, a STStem which offers some advantages for shipment 
abroad. 




The bottom lengths are 7 feet 6 inches in diameter. Above these 
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is the taper length shown in F%a. 33 and 34, leading to a reduction 
in diameter for the uppermost lengths which maintained a uniform 



Scale 1 Inch = 12 foet. 



diameter of 4 feet 6 inches up to the level of the capping which 
fonns the capital of the column. The lowermost of the bottom 
lengths ia famished with a cutting 
edge, as shown in Fig. 35, for con- 
venience in penetrating the strata 
through which the cylinder has to 
pass, being sunk by the combined 
processes of undercutting at the 
cutting edge, and forcing down by 
dead weight applied at the top, the 
interior of the cylinder being kept 
dry by the use of the compressed 
air system, an air-lock being used 
for passage into and oat of the 
cylinder. 

The enlai^ed diameter at the 
bottom of the cylinder affords facilities for the necessary excavation. 




rAIL or CUTTIWG EDGE. 

Pio. 35. 

Scale 1] inch = 1 foot. 
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The lengths of cylinders were stiffened by internal vertical ribs as 

shown in Fig. 36, which also showa the nature of the horizontal 
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joint and bolted connection between the bottom lengths, the section 
of the joint being further shown in detail in Fig. 37. 

It will be observed that between every bolt a triangular 
stiffening bracket is cast connecting the flange with the metal 
skin of the cylinder. 

The flanges are machined for their entire width, while all 
the bolt-holes are drilled, ensuring sound work and the precise 
duplication of the joints. 

The water-tightness of these joints is secured by the use of 
canvas and red lead, or by an indiarubber ring about \ inch 
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diameter placed between the machined faces and squeezed out by 
the bolting up of the joint. 

It has occasionally happened that either from the existence of 
initial cooling stresses in the casting, or from certain inequalities 
of stress arising from the forcing down of the cylinder through 
hard and difficult strata, the bottom length of cylinders such as 
those now under consideration have cracked more or less seriously 
during the process of sinking, and this has led some designers to 
adopt a riveted form of construction for the lowermost length. 

The horizontal joint between the lower lengths and the taper 
or conical length next above them is shown in Fig. 38. 

The joints of the upper lengths of reduced diameter are similar 
to that shown in Fig. 37. 
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The upper portdon of the cylinder at the level of the capping and 
girder bedfltones is shown partly in elevation and partly in section 




Smle ) Inob = 1 foot, 
in Fig. 39. The moulded cap or capital is cast separately from the 
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cylinder length, is of J-ioch metal, cast in a conrenient number 
of segments, and is bolted to the top length of cylinder in the 
manner shown in F^. 41, which shows a detailed section of the 
mouldii^, while Fig. 40 shows the internal elevation at a joint of 
the s^ments. 

Within the capping, a hard stone giider-bed of the dimensions 
shown in Fig, 39 is inserted, resting upon the concrete with which 
the cylinders are filled, to receive the ends of the 60-feet main 
girders. 

The general levels of the work in the vicinity of the viadnct 
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did not permit of any greater headway above high-water mark 
and the underside of the main or cross-girders than that shown in 
Fig. 34. 

In such cases, not infrequent in jetty work, it becomes 
desirable to counteract a possible uplifting force from beneath 
caused by the displacement of floating craft, such as barges, which 
may by mischance have been caught underneath the girders on a 
rising tide, and t«nding to displace the girderwork above theoL 

This is effected by the holding-down bolts 2 inches in diameter, 
shown in Fig. 39, passing through the bottom flange of the main 
girdeiB and the bedstones, and carried down a sufRcient distance 
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into the concrete filling of the cylinder, and having at their lower 
ends the cast-iron ribhed washer-plates shown in Fig. 42 and 
Fig. 43. 

These bolts are carefully fixed in position by templets, and 
with their cast-iron washers embedded in the concrete as the 
filling progresses, the girder-beds being slipped over them. To 
allow for possible errors in the levels of setting, the screwed ends 
are kept well above the nuts as shown. This is a wise precaution 
wherever foundation bolts are liable to displacement by sinking 
during the progress of the work, and allows a margin of error in 
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Fio. 42. 
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Fig. 43. 



construction. The excess of length can, if thought desirable, be 
cut off after the work is completed. 

The seating of the ends of the main girders with their holding- 
down bolts is also shown in elevation in Fig. 44, and in sectional 
plan in Fig. 45. 

The entire cylinder was filled with Portland cement concrete, 
after the sinking was completed and the bottom ascertained to be 
satisfactory. The cylinder was then loaded at the top with a dead 
weight of pig-iron. 

The transverse resistance of cylinders, in such a situation as 
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the preseDt, when exposed to the shock of a bump from floating 
craft or other force tending to shift the cylinders laterally, must 
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always be carefully considered, and ia usually met by the adoption 
of a system of bracii^, which will vary in detail in accordance 
with tiie circumstances of the caae. 



Fio. 45. 
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The efficiency of such a system of bracing will largely depend 
upon its depth, but in many situations it may be advisable to 
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avoid underwater connectionSy which can only be made by diver's 
work, and are not easily accessible for examination or repair. 
Such a course is frequently not open to the designer of msurine 
work, but in the present instance the method of bracing shown in 
Fig. 34 was adopted as affording a practically efi&cient depth of 
brace, while the connections with the cylinders could be made 
without much diflBculty without diver's work. 







Fio. 46. 
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The bracing consisted of a deep lattice girder as shown in 
Fig. 34 The exact length of this girder between the cylinders was 
obtained after the latter were sunk, to ensure accuracy of fitting. 
Any inaccuracy in the distance apart of the centres of the 
cylinders could be adjusted within limits, as far as the main and 
cross-girders were concerned, by an adjustment of the girder-beds 
and bolts within the cylinders themselves. 
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The detail of connection of the lattice girder with the cylinder 
is shown in elevation in Fig. 46, while Fig. 47 shows the detail 
of the bolting np in section on the line B in Fig. 39. 

The centre bay of the braced girder is shown in elevatios in 
Fig. 48, and vertical cross-sections of the girder are shown at the 
end and at the centre respectively in Figs. 49 and 50. 

The main girders over the 60-feet openings were of the single- 
web type, designed to carry the heaviest loads which could arise 
either &om ordinary road traffic, wheeled and passenger, or from 
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the heaviest rolling load on the rails which could be anticipated to 

The section of these girders at the centre is shown in Fig. 51, 
which also shows the attachment of the cross-girders supporting 
the roadway, and of the plate girder cantilevers supporting a 
footway for passengers on both sides of the viadnct. 

The mode of giving rigidity to the fixed end of the cantilever 
is indicated in the figure, this end being securely clamped between 
the bottom flange of the main girder and the plate stiffener which 
occurs at every cross-girder and cantOever, 6 feet apart, and 
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securely riveted to both, as well as the web — a form of construction 
sufficiently rigid for the maximum load which can come upon it in 
this case. 
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Fio. 48. 
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A timber bolster is bolted on the top flange of the cantilever, 
to which is spiked the 2^ -inch timber flooring forming the 
footway. 
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The outer ends of the cantilevers are connected with & con- 
tinnons angle-steel corryiDg a moulded timber fascia, upon and 
throngh which are bolted the cast-iron handrail standards with 
gas-tube handrails, all as shown in the figure. 
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The floor of the viaduct is carried by fish- bellied cross-gbders, 
as shown in Fig. 34, spaced 5 feet apart, as in Fig. 33. The 



130 CONSTRUCTION IN MILD STEEL. 

section of these girders is shown in Figs. 44, 52, and 54. Tho 
connection of the crosB-girder with the main girder is shown in 
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Kg. 51, the plate stiffener of the main girder being stopped ( 
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the upper flange of the cross-girder and riveted to it as shown. 
The practical continuity of these plate stiffeners, as between the 
upper and lower flanges of the main girder, is thus secured on both 
sides, and the entire combination attains the necessary rigidity. 
In larger and more important structures the cross-girders and 
cantilevers for the footway would probably be in one, and 
supported below (or in some cases above) the bottom flange or 
tension member of the main girder. 

Upon these cross-girders are laid bent floor-plates riveted 
to the upper flange of the cross-girder as shown, the plates being 
concave in this case, and not convex as in the older-fashioned 
buckled plate. The joints of the floor-plates longitudinally are 
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covered by tee-steels, which are continuations of the web stiffeners 
of the cross-girders as shown. 

The junction of the floor-plates of two adjacent spans, where 
the main girders meet over the piers or cylinders, is shown in 
Fig. 44. 

TUs may be considered as a " fixed " end for expansion purposes, 
while the '' free " end, for expansion due to change of temperature, 
is shown in section and plan in Figs. 52, 53, the space between the 
plates being covered by a 12" x |" strip, riveted on one side, 
and bolted on the other, in slotted holes so as to allow a certain 
amount of freedom of movement. But the arrangements for 



13a CONSTRUCTION IN MILD STEEL. 

expansion and contraction in a stractore of these moderate 
dimensions are not of the same importance as in bridge-work of a 
larger class. 

The floor-plates are flushed up to a level surface by coD(a«te 
filling, as shown in Fig. 54, and upon the surface thus formed 
wood-block paving is laid in the usual manner, upon a layer of 
asphalte. 

The rails are of steel of flat-footed section, weighing 75 lbs. per 
yard, and are laid on cross-sleepers embedded in the concrete, 
the space being laid between them in wood blocks as shown, 
the nature of the traffic generally not allowii^ of the rails 
standing up above the general level of the roadway. Sorface water 
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is disposed of by drainage outlets at intervals, discharging beneath 
the bridge into the sea below. 

A trench is laid in the centre of the roadway with cast-iron 
cover-plates, to receive pipe-work of comparatively small diameter, 
such as hydraulic or small gas or water pipes, or electric mains. 
Any other pipes of loiter dimension, such as sewage or large 
water-pipes, would require to be specially provided for, and would 
probably be slung under the cross^irders, or, as in some oases, 
carried alongside the main girder next the footway, and cased in 
with timber framework and boarding, with occasional doors for 
examination or repairs. 

In cases snch aa the present, where the roadway is carried 
between the main girders (which form a parapet), and mixed 
wheel traffic has to be provided for, it is necessary to protect the 
plate stiffenera of the main plate girders, or the tension or 
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compression members of a braced structure, from blows which 
might be received from the hubs or other projections of a wheeled 
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Fig. 55. 
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vehicle. To effect this the 
wheeled traffic is kept off 
the girderwork by the 
cast-iron curbs shown in 
section in Fig. 51, and in 
further detail in Figs. 55, 
56, 57, and 58. Fig. 55 
is an enlarged section of 
the curb, with its capping 
running back to the plate- 
web of the main girder, 
thus covering in the void 
between the curb and 
girder. The joints be- 
tween this cover and the 
plate-web and stiffeners 
may be caulked with 
oakum and pitch to pre- 
vent wet from getting in. 



Fig. 57. 
Scale 1 inch = 1 foot. 
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The projection of the curb beyond the face of the stiffeners is 
in this case 7 inches. A recent metropolitan example under 
somewhat similar conditions gives 12 to 13 inches for a similar 
dimension. 

The curb may also be constructed of timber, with an angle-iron 
at the edge to take the rub of the wheels. 

Fig. 55 is a section on the line H,H, in Fig. 56, and Fig. 57 
is a sectional plan on the line G6 in Fig. 55, while Fig. 58 is a 
part plan showing connection with the plate stiffener, and Fig. 66 
is a part elevation showing the joint in the curb at every stiffener, 
and over a cross-girder. 

Oirderwork for Kachine or Boiler Shops, Steel Foundries, etc. : 
Traveller Oirders. — ^An important application of steel girders, 
whether of the simple roUed-joist, single-web, double-web, or box 
type, is found in the longitudinal girders forming the roadway or 
raibx)ad for overhead travelling cranes. 

The loads lifted by these cranes are of all degrees of magnitude, 
varying from a few hundredweights up to the loads of 100 tons or 
even more, found in steel foundries, gun-making establishments, 
boiler or machine shops, and the like. 

The height to which such loads have to be lifted are as variable 
as their weights, and in the heaviest cranes the level of the crane- 
I'ail may be as much as 40 to 50 feet above floor-line. In such 
cases the details of columns supporting such crane-loads become 
worthy of consideration, and the entire structure requires careful 
design in view of the important results which would arise from 
failure either in the columns or roadway. 

The loads placed by crane-makers upon the wheels of such 
structures as overhead travelling cranes, titans for marine con- 
struction, heavy locomotive wh«u:f cranes, and the like, considerably 
exceed anything found in ordinary railway practice or locomotive 
construction. 

Tliis is probably explainable by the fact that the speeds of such 
structures in locomotion are very slow as compared with the 
ordinary forms of rolling stock. 

Thus, to take an illustration, the total weight of an overhead 
travelling crane of about 60-feet span driven by shafting, and 
capable of lifting 35 tons, was found to be 42 tons exclusive of the 
load lifted. This crane is supported by a cradle at each end fitted 
with two wheels, making four wheels in alL Thus the load per 
wheel of the crane only with the crab in the centre was 10*5 tons ; 
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with the load lifted in the centre, the load per wheel amounts to 
19*25 tons ; but with the load lifted at, say, 6 feet from one crane- 
road, the maximum wheel load at the heavy end runs up to 
approximately 30 tons per wheel, the exact amount depending on 
the precise ratio between the fixed and moving parts of the crane, 
or as between the transverse girders and other equally distributed 
weights and the crab. 

In some titans for breakwater construction wheel loads of 
about 40 tons per wheel are not uncommon in certain positions of 
the load. 

Such loads as these demand considerable attention to the 
section of rail used and mode of fastening, as the tendency under 
such moving loads as these is to curl up the rail even when of 
jEedrly heavy section, and tear it from its fastenings — if the founda- 
tion be at all of a yielding nature. When, however, a sufficiently 
good and rigid connection has been made, there is no difficulty in 
dealing with wheel loads of the amount named. 

The structure of the wheel itself is somewhat outside the limits 
of this work, but in general it may be stated that such wheels are 
usually made of cast iron in a solid form, or with a few simple 
round holes in the web of the wheel, with Bessemer or Siemens 
steel tyres of massive section shrunk on. ^ 

In many cases, such as wharf cranes, titans, or goliahs, a wheel 
is used having one central flange, and two treads, requiring a 
double rail, or two rails placed side by side to run on, which forms 
a very satisfactory arrangement, but in the ordinary cases of 
overhead travellers, the rail is single, and the wheel may be either 
single or double flanged, usually the latter. 

The following table. No. 31, gives the approximate total weight of 
overhead travelling cranes, exclusive of the load lifted, for spans 
varying from 30 to 60 feet, and for loads of from 5 to 100 tons. 

These weights are approximate only, and may be taken to cover 
the various types of shaft-driven, rope-driven, hand, or electric 
cranes. The values given are only sufficiently accurate for pre- 
liminary calculations, and in all important cases the actual 
probable weight of the crane should be obtained from the makers, 
together with other information hereafter referred to. 

In connection with this subject it may be mentioned that 
a recent example of a steam crab to lift a test load of 60 tons, as 
applied to agoliah, was found to weigh 32 tons 3 cwts. 1 qr. 19 lbs., 
including boiler, house over crab (for outdoor work), lifting beam 
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and rods, eye-bolts, snatch-block, and wire-rope, but exclusive of 
coal and water. The test load was lifted at a speed of 10*3 feet 
per minute, and was traversed at 33 feet per minute, the whole 
goliah with its load weighing in all about 137 tons, being travelled 
at 120 feet per minute. Pressure of steam in boiler, 80 lbs. 

TABLE No. 31. 
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Before the actual maximum wheel loads can be arrived at, and 
the determination of bending moments due to the rolling load 
made, it is necessary to subdivide the total weight of crane into 
the fixed and moving portions relative to the two crane-roads. 
Thus the fixed portion will consist of the pair of supporting girders 
spanning the distance or gauge between longitudinal roadways, 
together with such other portions of the gear, shafting, etc., which 
may be evenly divided between the two end cradles. The moving 
portion will consist of the crab for lifting the load, which may 
take any position between the two crane-roads, the lateral amount 
of travel being limited by the minimum distance which the crab 
with its load can assume from the rail, a distance which may be 
determined either by the details of the crab itself or the dimensions 
of the load to be lifted. 

When these proportions of load are known, the relative 
reactions at the cradles or the wheel locds can be easily ascertained, 
and the bending moments on the girders due to the rolling loads 
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can be detemuned, the most effective means being by graphic 
analysis. 

For approximate and preliminary calculations, and in the absence 
of more precise information to be obtained from the manufacturer, 
the total weight of the crane given in the table may be divided 
evenly into the fixed and moving portions. For example, the 
weight of a 35-ton traveller of 55-feet span being 42 tons, 21 tons 
may be considered as evenly divided between the two cradles, and 
21 tons may be taken as the weight of the moving crab with its 
gearing, which may occupy any position laterally between the 
crane-roads, giving rise to proportionate reactions or wheel locds, as 
the position may determine, in accordance with the principles of 
the lever. 

In some cases two travelling cranes of equal power may be 
temporarily coupled together to lift a load equal to twice the load 
lifted by one traveller alone. In this case the disposition and 
spacing, and the total wheel-base of the wheel loads, will be 
determined by the dimensions of the end cradles, and that position 
of the total load must be ascertained which gives rise to the 
maximum reaction in the supporting column, as well as the 
maximum bending moments in the girder. 

The crane manufacturer in the design of a traveller of this 
class will always require certain important minimum dimensions 
or clearances to be maintained in the structure in which the 
crane is to be employed. 

One of these is the distance to be maintained between the 
centre of the rail and the face of the wall, pier, buttress, column, 
or other projection past which the end cradles have to travel. 
This dimension is required by the details of the end cradle, and 
the bearings of the axles of the cradle wheels. 

In smcdl travellers of short span and light load the clearance 
required is about 6 J inches ; a clearance of 9 inches will suffice for 
cranes of about 35 tons lifting power, while 11 to 12 inches will 
cover most ordinary cases of heavier craiies. This dimension will 
be found to exercise a considerable influence over the design of 
columns to support traveller roadways, as will be seen by the 
examples referred to in Chapter IV. 

The other dimension referred to is the headway required, 
usually measured from the rail level, over the crane, to the lowest 
fixed portion of the roof or floor above; such, for example, 
as the distance to be maintained between the level of rails 
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and the nndeiside of the tie-rod or tension member of a roof 
principal. 

A distinct nnderstandiug on this point should always be 
maintained with the crane manufacturer, who should be asked to 
state his requirements, while it is judicious at the same time to 
allow some small margin over the precise figure asked for. In 
most cases a headway of not less than 7 feet 6 inches will be 
required for cranes of, say, 30 tons power, the precise amount 
being regulated by the details of the crab, the diameter and hei^t 
above rail of the great wheel and main barrel, or possibly, in the 
case of a steam crane, by the dimensions of the boiler used. 

In cranes of small power worked by hand, arrangements are 
sometimes made by which the traveller can be arranged beneath 
the roof or floor above with but a few inches of clearance. 

The preservation of the truth of the gauge between the rails of 
a traveller road, bova end to end of the distance to be traversed, 
must at all times claim the attention of the designer of the 
structure, especially when the spans of the traveller are large, and 
the supporting columns are lofty. 

This is frequently attained in the design of the superstructure, 
as, for example, in cases where the tension member of the roof 
principal overhead is designed to act as a tie or a strut, and in 
such wise rigidly maintain the gauge of the road. An example of 
this form of construction is given in Figs. 236, 237. 

Where the crane road is lofty, and the supporting columns of 
corresponding height, the Umgitudinai stability of the row of 
columns and girders must also be considered, and provided for, by 
bracing, bracketing of the girders, bolting down to foundations, 
or the like. See Figs. 216, 237. 

Where the traveller road is carried by the walls of a building, 
the stiffness and stability of the masonry or brickwork should be 
considered in the case of very heavy cranes, and buttresses or 
piers arranged for as the case may require, the ofi&etts in the walls 
being arranged to suit the details of the crane-road and the 
clearance for cradle above mentioned. In certain types of foundry 
cranes the stability of the crane is often really dependent upon 
the stiffness and stability of the enclosing walls of the foundry and 
its roof framing. 

The type and section of girder to be used for a traveller road 
will be determined by the power and span of the crane to be 
carried, and the span of the opening to be bridged. 
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Thus the girder may be of doable-webbed or box type, or in 
some special cases, where the shearing stresses are exceptionally 
severe, may be of the three-webbed type, while the single- webbed 
girder may be of any section from a heavy riveted girder to an 
ordinary rolled joist of light section. 

Latticed web or triangulated girders may also be employed 
subject to great care being taken that the maximum web stresses 
arising from the rolling load are amply provided for, and also, 
which is of equal importance, that the upper flange between the 
apices of the triangulations has sufficient transverse resistance 
as against the concentrated wheel loads. These considerations 
generally lead to the adoption of the plato-web type for small 
spans. 

The plate girder may be constructed of uniform depth 
with parallel flanges, or of the flsh-bellied form shown in 
Kg. 216. 

In girders of uniform depth, where the loads and span are 
considerable, the necessary piling up of the plates towards the 
centre of the span requires an uniform seating for the rail, which 
is obtained either by the use of iron packings at intervals, or a 
continuous strip under the rail, or, as in Fig. 245, by a timber 
bolster or packing notched to the stepping up of the plates, and 
trimmed off to a true surface on the top to receive the rail, which 
may be coach-screwed or spiked to it. The flsh-beUied girder, 
on the other hand, though perhaps rather more troublesome and 
expensive to construct, possesses the advantage that the sections of 
the top and bottom flanges being practically uniform from end to 
end, the upper surface of the top flange plates offers a continuous 
and even bearing for the rail without the use of packings. 

The necessity of a secure fastening for the rail in order to 
prevent the rolling-up tendency of heavily concentrated wheel 
loads has already been pointed out. 

The section of rail employed is usually either a bridge rail, as 
in Kg. 245, or a flat-footed rail) as in Kgs. 59, 60, 61, 62, 63. The 
former section has possibly greater stability under the lateral 
shocks which may occur ; the latter section has some advantage in 
the greater facilities which the bottom flange offers for connection 
to the supporting girder. In contractors' plant, such as goliahs 
or titans for temporary work, the rail is very frequently riveted 
down to the upper flange of the supporting girder, and may in 
such cases be considered as a portion of the total effective section 
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of such flange, when no joints occur in the rail at critical points in 
the bending-moment carve. 

Where, however, it is conaidered desirable to retain the facility 
of renewing the tail without interference with the structure of the 
girder, another form of fastening must be adopted in lien of rivets. 
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A convenient form of sach a connection ia shown in Figs. 69 
and 60, aud is repeated onder slightl; varying conditions in 
Figs. 61, 62, 63, 64. 

It consists of a clip, which may he of cast iron or shaped in 
mild steel, of a form to suit the exact outline of the rail used, and 
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of length sufficient to enable a bolt to be used which can be 
properly spaced so as to pass through the flange plate and angles 
of Uie single-webbed girder used in this case. 

In Fig. 64 the bolt is tee-beaded so as to clear the edge of the 
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flange of the rolled joist. In Fig. 63, where the section of the 
traveller girder is the rolled joist without any additional flange 
plates, the bolt is so spaced as to pass through the joist flange, 
with as much metal outside the hole as can be obtained, while the 
edge of the rail flange is notched to receive the bolt. Were it 
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Fig. 62. 
Scale ] inch s 1 foot. 

always possible to obtain a section of rail having just that amount 
of foot which the designer would prefer for his connection, the 
design would often be simplified. Unfortunately, from the 
designer's point of view, it frequently happens in rail sections. 
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Fid. 68. Fig. 64. 
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when applied to work of this kind, that only that section can be 
adopted which is commercially obtainable at the moment. 

In Fig. 245 the bridge section of rail shown is secured to the 
timber (elm) beai-er by coach screws, an iron flat, 9" X f ", being 
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placed under the rail to increase the bearing and lessen the 
indenting atresa upon the timber under the rolling load. 

Betnming to the consideration of the type, sections, and 
details of the traveller girdera themselvea, we have in the 
illustrations appended a few of the methods of constrnctioD in 
frequent use. 

An example of the fish-bellied single-webbed plate girder is 
given in elevation in Fig. 216, and in section in Figs. 65, 66, 
Fig. 65 being a section at end, and Fig. 66 a section at centre of 
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girder. The section at the centre of a pair of these girders is 
given in Fig. 67. It will be observed in this example that 
opportunity is taken in the contiguity of the pair of girders to 
secure additional lateral stiffness, under accidental shocks &om the 
crane, by means of the pair of struts formed of 3" X 3" X i" angles 
bolted on to the plate stiffeners of the main girders. 

The bolted connection, combined with snfiScient play in the 
bolt-holes, enables the pair of stiffening bare to act in some d^ree 
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as a parallel raler whenever either of the traveller girdera is 
slightly deflected below the level of its ueighbour by a rolling 
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load. The advantages of the adoption of a fish-bellied form as 
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regards practical uniformity of section of the top flange, and a 
consequent simplifying of the rail connections, has alr^idy been 




dwelt npoiL The construction is a little more troublesome in 
manuflMJture, owing to the necessity of shearing the web plates to 
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the curved outline, and the bending of the main angles in the 
bottom flange, but the extra cost is not very considerable. 

It may be remarked in passing that great stiffiiess or freedom 
from excessive deflection is frequently of considerable practical 
advantage in those cases 
where shafting is attached, 
as it often is, to traveller 
girders by means of bracket- 
ing, and where any con- 
siderable amount of deflec- 
tion would be detrimental 
to the action of the shaft. 
Fig. 68 is a sectional plan 
at the end of one of the 
girders showing the seating 
on the column. The end 
elevation of the girder, 
showing the end plate and 
the bolted connection with 
the next abutting girder, is 
shown in Fig. 69, while 
Figs. 70, 71 show the same 
detail in side elevation. The joint in the rail is over the joint 
in the girder, and is covered by a fish-plate in the usual way, 
allowance being made for expansion. As the joint between two 
adjacent girders is over a rigid support, there would not appear to 
be any substantial advantage in this case in making the rail joint 
to break joint with the girder joint, although cases might arise 
where such a course would be judicious. 

It frequently happens, in cases where a traveller road has to be 
supported on one side on a row of columns and on the other side 
by a wall, that on the wall side special arrangements of girders to 
carry the rails have to be provided, while their details are deter- 
mined by the special conditions existing of openings in the walls 
for light or access, dimensions and spacing of piers, buttresses, or 
the like. 

Examples of some such structure are shown in the accompcmying 
illustrations. 

Fig 72 shows in elevation the connection between the ends 
of two traveller girders, meeting together upon a masonry pier. 
Fig. 73 shows a cross-section of the girder near the pier, while 

L 



Fig. 71. 
Scale ] inch = 1 foot. 
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Fig. 74 shows the section at the centre of the span. It will be 
observed that the section of the bottom flange consists of two 
plates in addition to the main angles, while the top flange at the 
centre is similar. At the ends, however, while one plate of the 
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bottom flange is stopped off, the two plates in the top flange are 
run on continuously in order to provide a uniform bed for the rail, 
the plate continued being in fact a packing, which, had it not 
been that the clips should be all off one pattern, might for 
economy sake have been no wider than the rail foot. 
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The important dimension abore referred to, viz. the distance 
between oentxe line of traveller rail and the adjacent wall is in 
thia case 11 indies. This leaves a net distance of 5 inches 
between the girder and the wall, and, to avoid any trouble in 
getting at the work, the lewis bolts securing the girder to the cap 
stone of the pier are shown on the outer side only ; these bolts 
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consisting of jj-inch diameter lewis or rag bolts. Similar bolts of 
|-indi and l|-inch diameter are shown on a lai^r scale in Figs. 
75 and 76. 

The seating of the girder on a pier at an end wall is shown in 
Figs. 77. 78. Figs. 79, 80 show a method of affording lateral 
stiffness to a rolled joist traveller girder alongside a wall. 

The important subject of the design and details of lofty columns 
supporting systems of traveller roads, etc., will be found dealt 
with in Chapter IV„ on the Practical Design of Columns and 
Struts, where examples of such colnmns will be found. 

Lattioe CUrdenrork fbr Sooflng. — As an example of this applica- 
tion of girderwork, details will now be given of a lattice girder of 



53' span supporting a series of roof principals, the details of 
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these principals beiDg given in Figs. 216 and 298 to 307. 
F^. 81 gives a skeleton ontline of the triangulated girder 
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the principaU being carried immediately over the vertical strats, 
as shown, f, p, p. The girders are carried on side colunma and 
a centre column as shown, but are not continuous, and a roof- 
prinoipal doea not occur over the centre column. The general 
arrangements at side and centre columns are shown in Figs. 82, 



Fu. M. 
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83, while the details of connections are shown to a larger scale, 
for the side column in Figa. 84, 85, and 86, the latter being 
a section of that portion of the column to which the girder is 
attached, and for the centre column in Figs. 87, 88, 90. The 
normal section of the girder is shown in Fig. 89. The details 
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of the apices of the triangalatiooa, or the mtenecti(ms of the 
web bradngs vith tiie flanges, are Bhown for apices 2, 4, 6, and 8 
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in Figs. 91, 92, 93, 94, and for apices 1, 3, 5, and 7 in Figs. 95, 
96, 97, 98, showing the riveted connections. These are examples 




Fio. 90. 
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Fig. 92. 
Soalo 1| inch s I foot. 
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on a small scale of oblique connections, and may be studied in 
connection with those for roof-work shown in Chapter IV. 
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Fia. 95. 
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In Figs. 99, 100, and 101 are given the details of the angle 
and flange plate joints in the girder, which occur between apices 
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6 aod 7 in the top boom, and break joint in tiie bottom boom, 
thus dividing the girder into two lengths for convenience in 

Fig. 99. 
Softk \ inoh = 1 fixtt. 
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transport, and keeping the lengths of angles and plates within 
ordinary limits. 

Further details of light lattice girders in connection with roof 
work will be fonnd in Pigs, 326, 337. 



AppUoatioiu of Bivetod Girderwork in Connection with Water- 
tank Conitmotion. — In presenting details of this application of 
girderwork it has been fonnd advisable to consider at sonte length 
(without entering fally apon the important subject of tank con- 
struction in general) the details of the tanks themselves, which 
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in this (WBe &re of cast iron, as it is hoped that the practical 
examptes described will not be without value to the student. 
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Figores 102 to 125 give details of a class of cast-iron tank 
frequently found in the upper portions of engine hooses for 
pomping machinery, hydraulic accumulators, or other central 
power stations, and serving as storage tanks for steam or hydranlio 
machinery, fire putposes, or the like. They not unfrequently form 
the whole or a portion of the roof in such structures, and where, as 
in the latter case, they are associated with ordinary roofing details, 
it is frequently necessaiy to adopt certain special methods of 
completing the weathertigbtness of the whole arrangement. 




8«klfl I iDob = 1 foot 

In bnildings of any considerable architectural importance it 
may be desirable to conceal the tank behind the parapet or upper 
portion of the walla of the main buUding. This leads to a diminu- 
tion, odier things being eqoal, of the capacity of the tank, as it is 
desirable to leavB sufficient space between the sides of the tank 
and the enclosing walls for the purpose of examination, painting, 
or repairs. 

On the other hand, the tank is frequently open to view, wd 
may be treated, as far as possible, as an architectural member of 
the design, although it must be confessed that the ordinary 
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methods of embelliBhment are not usually remarkable for their 
artistic success. 
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Figures 102, 103, and 
verse sections of the tank. 
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Figttre 104 abows that side of the taok next to the enclosing 
parapet wall of the main boilding. Fig. 102 showa the aide of tank 
next to the roofing and roof principal of special cooatruction 
referred to in Chapter Y., p. 301. 

The tank consists of caat-iron flanged plates, forming the 
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bottom and sides, l^e bottom plates in the tank under con- 
sideration are of the dimensions shown in length and width, these 
dimensioDS beii^ obt^ned by the setting out of the girderwork 
carrying the tank, and are probably about as large as plates of 
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this kind should be made, having regard to the head of water 
supported (only about 4 feet 6 inches in this case), and to the 
necessity of nniformity of thickness in the metal, avoidance of 
flaws, etc. 
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Bottom and side plates are shown in Figs. 106 to 108. 

The side plates are of similar lengths to the bottom plates, 
and 4 feet 6 inches in height. The thickness of metal in bottom 
and side plates is | inch and % inch respectively; the actual 
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tbickneas will be governed by the depth of water carried, but the 
recLniienients of the foundry will necessitate a limit of 
beyond which the risk of ine<]^uality of metal will be nm. 




The side plates ore connected with the bottom plates by the 
angle pieces shown in Figs. 102, 103, 104, and on a larger 
scale in Fig. 109. The angle pieces in this case are shown 
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with a square comer in the angle. This form, which oFTers a 
certain simplicitj iu the pattern-making, would cot be a good 
one for heavier pressureB of water, and an angle or connecting 
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piece having a circular quadrant section is frequently used, in 
accordance with the well-known principle regulating the best 
form of cast-iron construction under heavy pressures, such, for 
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example, rs the bottoms of hydraulic rams. Such considerations, 
however, are not to the point in sach a case as the present, where 
the head of water is inconsiderable. 

The tank is divided into two halves by a partition of plates 
similar to the side plates, as shown in Figs. 110 and 111. This 
division serves the purpose of providing a reserve of water storage 
when one-half of the tank is laid dry for cleaning or repairs, but 
it sometimes implies the use of a double set of supply, outlet, 
find overflow pipes, while the partition itself must be capable of 
resisting water pressure on alternate sides. The connection of 
the division plates with the sides and bottom is formed by a 
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double angle piece, cast in one, aa shown iu Figs. 110 and 111. 
The junction at the vertical comers of the tank are also formed 
by single at^le pieces, as shown in plan in Fig. 112. 

The whole of the bottom and side plates are provided with 
Haines round their edges, as shown in the illustrations, of suiQcient 
depth (in this case 2^ inches) to accommodate the size of the bolts 
used iu connection. All the meeting surfaces of these flanges are, 
in good work, machined where they are in contact, a chipping or 
planing fillet being provided for that purpose, in such wise that 
when fitted together a caulking space of about \ inch in width is 
left between the flanges, which space is filled up with iron cement 
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to form a perfectly watertight joint. The flanges are stiffened by 
a gosset piece betveea every bolt, the bolt-holes being cored out 
to receive galvanized bolts. Occasionally the holes are left square, 
and the bolta provided with sqnare necks. Upon the efficiency of 




the caulked cement joint the proper watertightness of the tank 
mainly depends. 

It will be observed that, in the tank under consideration, the 
flanges are turned inside the tank, and not outwards. This is not 
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an invariable rule, and there are arguments for and against the 
practice. As regards the strength of the plates, the method shown 
has the advantage, for experiment has shown that a cast-iron 
tee-shaped section loaded transversely is stronger with the table 
downwards than upwards, in accordance with the laws governing 
the relative resistances in compression and tension of cast-iron 
sections. On the other hand, the nse of the flange turned inwards 
converts the bottom of the tank into a number of independent 
pockets without drainage from one to the other, when the tank 
is laid dry for cleaning purposes. This disadvantage can, however, 
be met, if necessary, by lining the tank bottom to the level of the 
top of the flange with Portland cement mortar. 



Fia. 113. 



I 



-J 



. -4- 



I 




JXalt^ ^ar ^ dUcv boU/ 




Fia. 114. 
Scale 8 Inches = 1 foot. 



The necessary resistance of the side plates to the bursting 
pressure of the water is provided in the case under consideration 
by wrought-iron heavily-galvamzed tie-rods, placed at an angle of 
about 45^ and connecting the top of the side plates with the flanges 
of the bottom plates. One such rod is provid^ at every joint in the 
side, end, and partition plates, as shown in Figs. 102, 104, and 110. 
These rods are forged with jaws of sufficient width to embrace the 
pair of flanges at each joint, as shown in Figs, 113 and 114, which 
show the fork or jaw in plan and elevation. They are bolted at 
both ends to the flanges of the side and bottom plates, a convenience 
afforded by the method of turning the flanges inwards. The con- 
nection of the tie-rod to the top of the side plates is shown in 
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Y'l^. 115. The side plates are further stifiFened by a horizontal 
flange on the upper edge, as shown in Figs. 105 and 115. 

In deeper tanks than that shown, the rods are freqaently 
carried horizontally actoaa from one side to the other, at intervals 
apart depending upon the pressures. In all cases of caat-iron 
tanks these tie-rods are of vital importuice to the security of the 



^ 




tank, and hardly too much attention can be paid to their design, 
fitting, and subsequent maintenanoe. 

The total weight of such a tank as that above described, when 
filled with water, being considerable, careful consideration of the 
supporting framework of girders ia desirable. This framework is 
shown in F^a. 102, 103, 104, 110, and consiBts of main riveted plate 
girders carrying cross riveted plate girders, which last support 
rolled joists, the whole being of mild steeL The general 
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arrangement of this girderwork is shown in the figures. The main 
girders are supported at one end upon the main walls of the 
building, of which the tank forms a portion of the roof, the other 
end being carried upon a steel riveted column, which is described 
in Chapter IV., p. 231. The connection of the main girders 
over the column is shown in Fig. 110, The cross girders are 
supported by the main girders, and their conuectioos are shown 
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in sectional plan in Fig. 110, and in elevation in Fig. 102. The 
depths of the main and cross girders are so regulated that the 
upper surfaces of the rolled joists which rest upon the latter are 
in the same horizontal plane as the upper surface of the top flange 
of the main girder. The crosa-section of the main girder at the 
centre is shown in Fig. 116, and at the end in Fig. 117. It will be 
observed that, as the number of plates in the upper flange fall off 
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towards the ends, the level is pteserved by means of the 8^" X g" 

packing strips, showo in Fig. 117, forming together, with the upper 

surfaces as aforesaid of the 

rolled joists, which are .' ■ 

carefally straightened and ^;t' 

levelled in the press, the 

plane sorface upon which 

the cast-iron hottom plates 

of the tank are bedded, the 

actual contact being made 
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by the 1-inch deep fillets cast on the underside of the plates, as 
shown in Figs. 103 and 116. 

These fillets are chipped or machined ontil true and even 
contact is obtained. 



Fio. 120. 
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The cross-section of the rolled joist is shown in Fig. 118, and 
that of the cross girder at the centre in Fig. 119. 

The bearing of the main girder on the wall is shown in Fig. 104 
in elevation, and in sectional plan in Fig, 120. The bearing on the 
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column is shown in Fig. 110. The bearings of the rolled joists 
on the wall are shown in Figs. 121 and 122. 

Hie object sotight to be obtained in the arrangement of girder- 
work above described is to prepare a practically rigid and eren bed 
for a tank constructed of a material (cast iron) not well adapted to 
resist cross strains arising from excessive or unequal deflection, and 
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in which it is of prime importaoce to preserve tlie jointe from 
starting and becoming leaky. 

To prevent undue deflection or alteration in shape arising from 
the difference between a full and empty tank, it is desirable either 
to give the supporting girders an ample proportion of depth to 
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span, if apace will allow, or otherwise to keep the working stresses 
low, by extra metal in the flanges. 

It has been above remarked that in cases where tanks of this 
class form a portion of the roof of the building, and are associated 
with ordinary roofing details, some special arrangemeat for 
formiDg a weathertight connection between the two becomes 
necessary. 

Certain methods by which this may be effected are illustrated 
in Figs. 123, 124, and 126. 



171 CONSTRUCTION IN MILD STEEL. 

In Fig. 102 the lank is shown abatting on a roof piincipal of 
the tjpe described in Chapter V., p. 302, carrying a cast-iron 
gutter shown in detail in Fig. 272 ; and it is necessary to form 
a watertight connection between this gutter and the side of the 
tank. A similar detail ocours in Fig. 104, where a gutter rtrns round 
between the tank and the parapet wall. In both these cases the 
object desired is obtained by the use of the special connection 
shown to a larger scale in Fig. 123, which consists of a weathering 
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flange cast on the outside of the side plates of the tank in the 
position shown, and having a vertical lip or feather overlapping 
the gutter, which is tucked in under the flange, as shown. All 
direct attachment between the tank and the gutter is avoided, 
either being left free to expand or contract independently of the 
other. The gutter work is carried completely round the tank as 
shown in plan in Fig. 112, which also shows the arrangement of 
the weathering flange at the comers of the tank. 
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Other methods of attaioiiig the same end are shown in Figs. 
124 and 125. 

In Fig. 124 a gangway is provided between the tank and the 
parapet wall for painting or repaiia, floored as shown, and covered 
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^th a small lean-to roof of zinc and boarding, draining direct into 
Uie tank. 

In Fig. 125 connection is made with the gutter of a neighbour- 
ing roof in the manner shown, a lining of boarding covered with 
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zinc being attached to the tank and the gntter in such a way as to 
prevent wet from getting down into the building. 

All the details connected with the hydraulic pipework re- 
quired in connection with such tanks as those above described 
cannot here be described. In general three seta of pipes — supply. 
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discharge, and overflow — will be required, and it is usual to effect 
the junction of these pipes with the tank by means of special 
provision in one or more of the bottom or side plates, these being 
especially stiffened up for that purpose. But in cases where lofty 
stacks or considerable lengths of pipes are required, the expansion 
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and contraction of such pipes due to temperature changes should 
be borne in mind, and not allowed to visit themselves upon the 
connections to the plates of the tank, with alternating stresses. 
Automatic or electric tell-tales of water-level will also be 
required. 

Weights of Kild Steel Bolts and Vats.— The following table of 
the weights of mild-steel bolts and nuts may be found useful in 
the process of estimating weights of steel- work and fastenings. 

The heads and nuts are hexagonal, of the usual Whitworth 
standard size ; that is, the depth of the head is seven-eighths of 
the diameter of the bolt, and the depth of the nut is equal to the 
diameter. The dimensions of the head and nut across the flats or 
over the angles of the hexagon are those usually given in the 
published tables of sizes of Whitworth standard. 

Any departure from the above proportions of head and nut 
will of course modify to some extent the weights given in the 
tables. 

The table may also be used for the calculation of weights of 
similar bolts in other materials than mild steel by proportioning 
in the ratio of the specific gravities of the material used. 

The length of the bolt is in all cases measured from under 
bead to point, and the lengths have been extended to 30 inches in 
the table to meet the ordinary cases of long bolts used in the 
connection of heavy timber framing. For longer bolts, such as 
foundation bolts and the like, special calculations must be made, 
using the values of the weight of heads and nuts given at the head 
of the table. 

The weight of washers is not included, and must be allowed 
for separately. 
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TABLE No. 32. 

The Weight of Mild Steel Bolts and Nuts in Pounds per 
Hundred. Hexagon Heads and Nuts. 
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34-9 


48-9 


65-3 


84-4 


106-0 


169-0 


223 
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Diameter of) 
bolt. 


\ 


n 


A" 

1 


r 
7-53 


A" 


i" 


A" 


i" 


I" 


r 


Welfht of) 
heed and nut I 
together per? 


2-83 


! 4-48 

1 


11-71 


16-61 


22-82 


29-4 


49-7 


74-5 


hniidred. ) 


1 
1 
















Length in 




















inches nnder 
head to point 


W 


dglit of 


bolts 


and nvts in pounds per hundred. 




9" 


15-34 


24-05 


35-7 


60-0 


66-7 


86-2 


108-0 


162-0 


228 


9I" 

4" 
9f 


15-69 


24-59 36-5 


61-1 


68-1 


87-9 


110-0 


165-0 


232 


1604 


25-13 


37-3 


52-1 


69-6 


89-7 '112-0 


168-0 


236 


16-39 


25-67 


38-1 


53-2 


70-9 


91-5 


114-0 


172-0 


240 


16-73 


26-22 


38-9 


54-3 


72-3 


93-2 


116-0 


1750 


245 


101" 


17-08 


26-77 


39-6 


55-3 


73-7 


95-0 


1180 


178-0 


249 


10|" 

io|" 
ir 


17-43 


27-32 


40-4 


56-4 


76-0 


96-7 


120-0 


181-0 


253 


17-78 


27-86 


41-2 


57-6 


76-4 


98-5 


123-0 


184-0 


258 


18-13 


28-40 


420 


58-5 


77-8 


100-3 


125-0 


187-0 


262 


llf 
111" 

llf" 
12^ 


18-48 


28-94 


42-8 


59-6 


79-2 


1020 


127-0 


190-0 


266 


18-83 


29-48 


43-5 


60-7 


80-6 


103-8 


130-0 


1930 


270 


19-18 


30-03 i 44-3 


61-7 


820 


105-5 


132-0 


197-0 


276 


19-53 


30-58 


45-1 


62-8 


83-4 


107-3 i 134-0 


200-0 


279 


13" 


20-92 


32-75 


48-3 


67-1 


89-0 


114-4 


142-0 


212-0 


296 


14" 


22-31 


34-92 


51-4 


71-3 


94-5 


121-4 


151-0 


225-0 


313 


15" 


23-70 


37-09 


54-5 


75-6 


100-1 


128-4 


160-0 


237-0 


330 


16" 


25-09 


39-26 


57-6 


79-8 


105-7 


135-5 


168-0 


250-0 


347 


17" 


26-48 


41-43 


60-8 


84-1 


111-3 


142-5 


177-0 


262-0 


364 


18" 


27-87 


43-60 


63-9 


88-3 


116-8 


149-5 


186-0 


275-0 


381 


19" . 






••• 


67-1 


92-6 


122-4 


156-6 


194-0 


287-0 


398 


20" ! 


• 




• «• 


70-2 


96-8 


127-9 


163-6 


203-0 


300-0 


415 


21" 1 


• 1 




••• 


73-3 


101-1 


133-5 


170-6 


212-0 


312-0 


432 


22" 


* < 




• • • 


76-4 


105-3 


139-1 


177-7 


2200 


325-0 449 


23" 


• < 




••• 


79-6 


109-6 


144-6 


184-7 


229-0 


337-0 466 


24" 


• 1 




•• • 


82-7 


113-9 


150-2 


191-8 , 238-0 


350-0 483 


25" 






•• • 


••• 


a • a 


• . a 


.. • ... 


3630 


500 


26" 


a 1 




• at 


••• 


a ■ a 


... 


*• • *■• 


375-0 


517 


27" 


• 1 




••• f 


1 

• ■ • 


a • a 


• . • 


• • • . *• 


388-0 


534 


28" 


• 4 




• •» 


... 1 


• • ■ 


... I ... •*. 


400-0 


551 


29" 


• A 




• • « 


... ' 


a • • 


... ... 1 ••• 


4130 


568 


30" 


• 1 




• •• • • • 


• • • 


••• .■■ *•• 


4250 585 

1 



N 
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Table of the Wkight of Mild Stkel Bolts amd Nuts in 
Pounds feb Hundred. Hexagon Heads and Nuts. 



DUmetarafboli. 1" 1^" 



Wdfht of iMtd) • 
jSrD«lto8eltei 106 148 
perhondrad. i 



11" 



li" U" I If" I 1}" 



ij" 



I^engUi In IncbM 
UDdtfbeMltopoliii. 



195 



251 



324 



403 : 495 



600 



%n 



725 



2" 
2i" 

3i" 
3i" 

Q.I" 

51" 

61" 

of" 

7*'' 



73// 

8* 
81" 

8|" 

9i" 

9f 
9I" 

10* 
lOJ" 



Weight of bolts and nuts in pounds per hnndred. 





1 
204 




149 




155 


212 


273 


161 


219 


281 


167 


226 


290 


173 


233 


299 


178 


240 


308 


184 


247 


316 


189 


254 


325 


195 


261 


334 


200 


267 


342 


206 


274 


351 


212 


281 


360 


217 


288 


368 


223 


296 


377 


228 


303 


386 


234 


310 


395 


239 


317 


404 


245 


324 


412 


251 


331 


421 


256 


338 


429 


262 


345 


438 


267 


352 


447 


273 


359 


455 


278 


367 


464 


284 


373 


473 


289 


380 


481 


295 


387 


490 


301 


394 


499 


306 


401 


508 


312 


408 


517 


318 


416 


525 


323 


423 


534 


329 


430 


542 


334 


437 


551 



347 
357 
368 
878 
389 
400 
410 
420 
431 
441 
451 
461 
472 
483 
493 
504 
615 
526 
536 
546 
557 
567 
578 
588 
598 
609 
620 
630 
641 
651 
662 
672 
683 



450 
462 
474 
487 
500 
512 
524 
537 
549 
562 
575 
588 
600 
612 
624 
637 
650 
663 
676 
688 
700 
712 
724 
737 
749 
762 
774 
787 
800 
812 
825 
838 



549 
564 
579 
593 
608 
623 
638 
653 
667 
682 
697 
712 
726 
741 
756 
771 
785 
800 
815 
830 
844 
859 
873 
888 
903 
918 
932 
947 
962 
977 
991 
1006 







682 




699 


835 


716 


855 


733 


875 


760 


894 


768 


913 


785 


933 


802 


962 


819 


972 


836 


991 


853 


1011 


870 


1031 


887 


1050 


904 


1069 


921 


1089 


988 


1109 


956 


1129 


972 


1148 


989 


1168 


1006 


1187 


1023 


1207 


1040 


1226 


1057 


1245 


1074 


1266 


1091 


1284 


1108 


1304 


1125 


1823 


1142 


1343 


1159 


1363 


1176 


1382 


1193 


1402 



992 
1014 
1036 
1058 
1081 
1103 
1125 
1148 
1170 
1192 
1214 
1236 
1259 
1281 
1304 
1326 
1348 
1370 
1393 
1415 
1437 
1459 
1482 
1504 
1526 
1548 
1571 
1693 
1615 
1637 
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Diameter of bolt. 


1" 


14" 


ir 


If" 


H" W 


1 
IJ" 15" 


r 

1 


Weisht of bead) 
and nattagether > 
per hundred. ' 


1 

106 


148 


195 

1 


251 


324 403 


495 


600 


725 


Length in Indm 
under head to point 


340 


444 


it of be 


4ts and 


nuts I 


a poonc 


Is per 1 


Imndred. 


101" 
lOf 

ir 


559 


694 


850 


1021 


1210 


1421 


1659 


346 


451 


568 


704 


863 


1035 


1228 


1441 


1681 


351 


458 


577 


714 


875 


1049 


1245 


1460 


1704 


111" 
ii|" 
iif 

12* 


356 


465 


586 


725 


887 


1064 


1262 


1480 


1726 


362 


472 


595 


736 


900 


1079 


1279 


1499 


1748 


367 


479 


603 


746 


913 


1094 


1296 


1519 


1770 


373 


486 


612 


756 


925 


1108 


1313 


1539 


1793 


13" 


395 


514 


646 


799 


975 


1168 


1381 


1617 


1882 


14" 


418 


542 


681 


841 


1024 


1227 


1449 


1695 


1971 


15" 


440 


570 


716 


883 


1074 


1285 


1517 


1774 


2060 


16" 


462 


598 


751 


925 


1124 


1343 


1585 


1852 


2149 


17" 


484 


627 


786 


967 


1175 


1403 


1654 


1930 


2238 


18" 


507 


655 


821 


1008 


1225 


1461 


1722 


2008 


2327 


19" 


529 


683 


855 


1051 


1274 


1520 


1790 


2087 


2416 


20" 


551 


711 


890 


1093 


1325 


1578 


1858 


2165 


2505 


21" 


574 


739 


925 


1135 


1374 


1637 


1926 


2243 


2595 


22" 


596 


767 


960 


1177 


1425 


1696 


1994 


2321 


2684 


23" 


618 


796 


995 


1219 


1474 


1754 


2062 


2399 


2773 


24" 


640 


824 


1029 


1261 


1525 


1813 


2130 


2477 


2861 


26" 


662 


852 


1064 


1303 


1575 


1872 


2198 


2555 


2950 


26" 


684 


880 


1098 


1345 


1625 


1931 


2266 


2633 


3039 


27" 


707 


908 


1133 


1387 


1675 


1990 


2334 


2711 


3128 


28" 


729 


936 


1168 


1429 


1725 


2048 


2402 


2790 


3217 


29" 


751 


964 


1202 


1471 


1775 


2107 


2470 


2868 


3306 


30" 


774 


993 


1237 


1513 


1826 


2166 


2539 


2947 


3395 



CHAPTER IV. 



ON THE PRACTICAL DESIGN OP COLUMNS AND STRUTS. 

General zemarkB — ^The ideal oolumn — The practical column — ^Variation of modolos 
of elaatioity — TraanTene strets: examples— Conditiona of end connections: 
flat ended, round ended, pin ended — Experiments on columns of wrought 
iron and steel — Wrought-iron rectangular bars and hollow tubes, flat ended 
— Wrought-iron rectangular bars, pin ended — Influence of sixe of pins — Tests 
of wrought-iron riveted columns, flat and pin ended — Table of resulta— 
Analysis and remarks — Mode of failure— Weakness at ends of columns — 
Weakness of component parts of columns— Buckling between riyets — Maximum 
pitch of rivets compared with plate thickness — Lattice members of columns — 
Minimum scantlings — Experiments on compressive resistance of various sec- 
tions — ^Angles and tees, flat ended — ^Angles and tees, hinged and round 
ended — Channels, joists, welded tubes,'and Zed columns, flat ended — Channels, 
JoisiB, and tubes, hinge ended— Wrought-iron latticed columns, pin ended — ^Mild 
steel angles, flat ended— Hard steel angles, flat ended— Diagrams of results of 
formulflB proposed by various authorities — Practical sections of columns and 
struts — Elementary forms — Flat bars — Angles— Tees— Channels — Channels in 
combination — Rolled joists — Rolled joists in oombination — Built-up sections of 
various types— Zed-iron sections in combinations— Combinations of channels 
and joiBts — Special sections— Phosnix columns — Secondary attachments — Com- 
parison of sections — Relative economy and efficiency — Relative amount of 
riveting — Relative accessibility for painting — Caution in the preparation of 
working drawings for columns — Check on proportion of length to diameter — 
Practical examples of riveted mild steel columns — Procedure with respect to 
the continuity or otherwise of columns in various floor lengths — Buildings of 
several stories— Theatre auditorium — Skeleton steel construction in very lofty 
buildings — Massive columns for engine-house construction carrying travellers 
and tanks — Variations in type — Columns for machine-shops and engineering 
works— Complex columns of this type carrying traveller roads and roofing — 
Foundations to columns — Holding-down bolts — Lateral stability — Special 
cases for concrete foundations of lofty buildings — Precautions to be observed in 
the fixing of foundation bolts. 

Consistently with the principle adopted throughout these notes, 
the theory of the strength of columns, as viewed from a mathe- 
matical standpoint, will not be entered upon. This subject has 
been frequently dealt with by numerous and able writers, and the 
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Student is referred to their works for further information on this 
branch of the subject. 

The ideal column or strut is perfectly straight, is subjected to 
a purely compressive stress in the direction of its length, while 
the compressing force is usually assumed to be truly axial ; the 
modulus of elasticity of the material of which the column is com- 
posed is also supposed to be uniform not only in every cross- 
section, but in every part of a cross-section. 

The practical column of everyday experience falls short, how- 
ever, in a considerable degree from all these ideal conditions, 
notwithstanding the care with which the designer may have striven 
to realize them. His column is, it is true, as straight, perhaps, as 
ordinary workmanship can ensure, but the modulus of elasticity of 
bis material may vary slightly not only in every separate cross- 
section, but even in different portions of the same cross-section, a 
physical fact which may, in the life history of the column, deter- 
mine incipient flexure and perhaps the direction in which that 
flexure may extend towards the goal of ultimate resistance and 
failure if the loading be carried to this extent. 

So far, again, as the axial direction of loading is concerned, 
the practical column is often, from the very conditions of the 
design, exposed to transverse stresses arising either from the 
bending moment set up by eccentric loading, or even from its own 
weight, as in the case of inclined struts, such as sheer legs or the 
jibs of cranes. Vertical columns may also be subject to severe 
transverse stress where exposed to wind pressure, as, for example, 
in columns supporting large roofs, or forming the supports of lofty 
sheds or other buildings. The cast-iron piles of a marine jetty 
may be instanced as an example where the transverse stresses set 
up by the force of waves may perhaps be more important than the 
vertical loading they are called upon to endure. In many cases 
these transverse stresses have, as far as possible, to be foreseen 
and allowed for, and the absence of such a provision may, as in 
the case of crane jibs of considerable radius, have serious results 
arising from cross strains imposed upon them, let us suppose, by 
the exigencies of erection or repair. 

In addition to the above may be stated the risks of transverse 
shock, as in the case of columns exposed to wheeled traffic, or to 
loads piled up against them in such manner as to cause bending 
stresses in addition to the vertical loading to which they are sub- 
jected. In short, it is not too much to assert that the possibilities 
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of transverse stress in any oolunm should be always present to 
the mind of the designer, and will go far in gniding his judgment 
in the determination of that always important point, viz. the ratio 
of diameter or least dimension to length, and to which farther 
reference will be made. 

The ideal column may further be supposed to be either flat 
ended, round ended, or pin ended, and theoretical deductions have 
been drawn as to the mode of failure of columns of a certain 
length under each of these conditions. 

But in practice it is not always easy in many cases to ass^ 
with confidence under which of the above heads a column or strut 
should be classed, and, as we shall see in the experiments about to 
be described, neither pin-ended nor flat-ended columns invariably 
fail in the mode in which it might be reasoned that they 
should do. 

It is not therefore surprising, from a consideration of the 
foregoing, to find that most formulsa professing to give the ultimate 
strength of a column or strut are based upon constants derived 
from experimental research, although it must be confessed that up 
to the present time the experimental data available, especially as 
regards mild steel, do not by any means cover the whole of the 
ground, or solve all the problems which will present themselves to 
the designer in the course of his practice. 

It is proposed, then, to give in the few pages following a 
summary in a graphic form of some of the principal experiments 
on columns of wrought iron and steel — so far as they approximate 
to the ordinary conditions of practical construction — to be 
followed by working details of column construction, with explana- 
tory remarks. 

In Fig. 126 are plotted the experiments on the compressive 
resistance of wrought-iron rectangular bars and hollow circular 
tubes, carried out by Eaton Hodgkinson, and described in the 
Appendix to the Report of the Commissioners appointed to inquire 
into the application of iron to railway structures, and carried out in 

1846-47. 

The rectaugular bars varied in length from 3| inches to 
10 feet, with a sectional area ranging from 1*04 to 5*8 square 
inches. They were tested in a vertical position, with their ends 
made perfectly flat and well bedded against two parallel and 
horizontal crushing surfaces. The proportions of length to least 
radius of gyration were in several cases extreme, and beyond the 
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range of practice ; as, for example, in the case of a bar 10 feet 
long and half an inch thick. Batios beyond the value of 400 to 1 




CD 
04 



O 



ij^oob 



o 

10 



t-=T — f4h- ^=-4 T~ad- 



i84 CONSTRUCTION IN MILD STEEL. 

are not plotted in the diagram, but the dotted mean curve has 

been laid down, with the aid of experiments, with a value of - 

beyond that limit. In this diagram, as in those to be further 
described, all the individual experiments are plotted, and the 
reader is iu a position to judge for himself of the probable accuracy 
of the dotted mean curve, which has been drawn to represent the 
average value of the ultimate resistance to compression for various 
proportions of length to least radius of gyration. In these experi- 
ments all the rectangular bars, with the exception of those having 

a value of -, less than 50 to 1 failed by flexure. 

The circular tubes ranged from 1\ inches to 6f inches in 
diameter, and &om 2 feet 4 inches to 10 feet in length, the 
sectional area of the tubes ranging between 0*44 square inch to 
2*9 square inches, and the thickness of metal &om ^^ inch to 
\ inch. 

Fig. 127 gives the results of a series of tests ^ made at Water- 
town Arsenal on wrought iron rectangular bars, forty-seven in 
number, nominally 3 inches square (varying from 8*70 to 
8'94 square inches in area), and of various lengths from 
2 feet 6 inches to 15 feet, centre to centre of pins. The iron of 
which the bars were manufactured was found to have an average 
ultimate tensile strength of 22*56 tons per square inch, with an 
elastic limit in tension of 10*67 tons, an elongation in 20 inches of 
21 J per cent., with a contraction of area of 31 per cent 

Chemical analysis gave the following results : carbon, 0*05 ; 
phosphorus, 0*22 ; sulphur, 0048 ; silicon, 0084 ; manganese, 
0*218. 

In those experiments which are plotted in Fig. 127, the bars 
were in each case provided with IJ-inch diameter pius at each 
end, arranged as shown in the figure. 

The bars were tested horizontally, the pins being vertical, 
while the weight of the longer bars was counter-weighted. 

In all cases failure took place through lateral flexure, and in 
every case but one the plane of flexure was perpendicular to the 
axis of the pins — that is to say, in the plane in which the ends of 
the bar were free to move round the pin. 

It is to be observed that up to a length of about 24 diameters, 
or a proportion of length to least radius of gyration of about 83 : 1. 

^ Report of tests, Watertown Arsenal, 1883. 
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the lateral flexure was gradual and without sudden springing, hut 
that beyond this length, after the flexure had attained a certain 
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amount, a sndden increase of deflection occurred, accompanied by 
a rapid fall in resisting power. This fact is perhaps not without 
value in the consideration of the proper proportion of length to 
least dimension, and is an aigument in favour of an increased 
factor of safety in long columns. 

Selecting bars of the same length, and tested under the same 
conditions, except as regards the nature of the end bearings, we are 
enabled to make the following comparisons, each result being the 
mean of two experiments : — 



Ultunate load In tons per square t 



Length In 
Inchci. 



90 
120 



Twolfvpln 



11-03 
9-12 



One flat end and one 
li'plncnd. 



11-22 

9-89 



Two flat enda. 



11-68 
10-15 



We may also observe the influence of the size of the pin firom the 
following results, each being, as before, the mean of two experi- 
ments : — 



I.«ngth In 


rpiM. 


Ultunate load in tons per 


square inch. 

ir pi~. 




inchca. 


1 

li' pins. 11" pins. 


Sj-'plna. 


120 


7-27 


1 

8-18 9-12 

1 


9-57 

1 


9-89 



It will be seen that the pin-ended strut, with 2J-inch pins, 
gives a result similar to that with one flat end and one pin end, 
and is not much below the strut with two flat ends, the tendency 
of increasing the size of the pins being to approximate to the 
conditions of a flat-ended strut, when the frictional conditions of 
the pin surface in contact remain the same. 

The observed deflections of flat-ended bars 10 feet in length 
in the above series, when loaded beyond their limit of ultimate 
resistance, give a curve which closely approximates to that 
required by theory, being of triple flexure, while the tangent to 
the curve at the ends is nearly, if not quite, square to the plane of 
the abutting surface. 
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Pin-ended bars give indication of an approximation to the 
same cnrve, the difference in the form of curve becoming less as 
the size of the pin increases. 

The well-kno¥m series of tests on wrought-iron riveted 
oolnmna carried out at the Watertown Arsenal, Mass., in 1883, 
will next be considered.^ This series of tests comprised seventy- 
four columns of varying sections and lengths, as follows : — 

Six pin-ended columns of the type of section shown in Fig. 165, 
and consisting of two 6-inch channels, connected by a solid plate 
web 6" X i" and four angles IJ" x 1 J" x tV'> ^i^h ^inch iron 
rivets at 6-inch pitch. These columns were respectively 10, 15, 
and 20 feet in length, centre to centre of pins, two columns of 
each length being tested. 

Six pin-ended columns of the type of section shown in 
Fig. 165| but consisting of two 8-inch channels, connected by a 
plate web 8" x I'g" and four angles 2" x 2" x J". These columns 
were 13 feet 4 inches, 20 feet, and 26 feet 8 inches in length, 
centres of pins. 

Six columns of the type of section shown in Fig. 152, and 
consisting of two 6-inch channels, and two web plates 10" x 4", 
forming a box or closed section, the rivets being §^-inch diameter 
at 6-inch pitch. These columns were 10 feet 8 inches, 15 feet, and 
20 feet in length, centres of pins (when pin ended) ; four were 
tested with pin ends and two with flat ends. 

Six columns of the type of section sho¥m in Fig. 152, and 
consisting of two 8-inch channels, and two web plates 12|" x f g", 
forming a box or closed section, the rivets being §-inch diameter 
at 6-inch pitch. These columns were 14 feet, 20 feet, and 
26 feet 8 inches in length, two being flat ended and four pin 
ended. 

Six columns of the type of section shown in Fig. 163, and 
consisting of two flange plates 9" x y, two web plates 5^" x J", 
and four angles l}^* X 1^" X i^g", the rivets being J J -inch diameter 
at 6-inch pitch. These columns were 10 feet, 15 feet, and 20 feet 
in length, centres of pins. 

Six columns of the type of section shown in Fig. 163, and 
consisting of two flange plates 12" x |V, two web plates 7 J" X ^q\ 
and four angles 2" x 2" x J", the rivets being J-inch diameter at 
6-inch pitch. These columns were 14 feet, 20 feet 8 inches, and 

^ Report of tests on the strength of structural material made at the Watertown 
Arsenal, Mass., 1883. 
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26 feet 8 inches in length, four being tested as flat ended and two 
pin ended. 

Six columns of a similar section to that shown in Fig. 163, 
but with flange and web plates /^ inch thick. The lengths 
similar to those last described. Four were tested as flat ended 
and two as pin ended. 

Six columns of the type of section sho¥m in Fig. 150, and 
consisting of two 8-inch channels, with open lattice webs of 
T y, %" flats, riveted to the flanges of the channels. The lengths 
of the columns were 13 feet 4 inches, 20 feet, and 26 feet 8 inches, 
centres of end pins. 

Six columns of similar section to that shown in Fig. 150, but 
with a swelled outline, the distance between the channels at the 
centre being from 1\ inch to 2| inches greater than at the ends. 
The lengths similar to those last described. 

Four columns of the section shown in Fig. 150, and consisting 
of two 10-inch channels, with open lattice webs of 24" x i" flats, 
riveted to the flanges of the channels. The lengths of the columns 
were 16 feet 8 inches and 25 feet, centres of pins. 

Four columns of similar section to that shown in Fig. 150, but 
with a swelled outline, the distance between the channels at the 
end being from 2.^ inches to 3^ inches greater than at the ends. 
Lengths similar to those last described. 

Six columns of a special section of the type shown in Fig. 151, 
but consisting of two 10-inch channels, with an open lattice web 
of 2i" X I" flats on one side, and a solid plate web 13" X f" on 
the other. The centre of gravity of this section not being the 
centre of figure, the placing of the pins in the alternate centres 
showed the effect of eccentricity of loading with results which will 
be further referred to. 

Six columns of a section similar to the last, but consisting of 
two 8-inch channels, with an open lattice web of 2" x §" flats on 
one side, and a solid plate web 12" x |" on the other. These also 
afforded a similar opportunity of comparing the results of con- 
centric and eccentric loading. 

Of the above seventy-four columns, sixteen were tested with 
flat ends, the remainder being tested with pin ends. 

The pins were in all cases 3| inches diameter, the ends of the 
columns being reinforced with extra plates and closer riveting, in 
order to provide sufficient bearing area and resistance to the local 
stresses set up in the neighbourhood of the pin. 
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The columns were tested horizontally, and were counter- 
weighted at the middle. Compressions and sets were measured 
on a gauged length by a micrometer. The load was gradually 
applied, and the ultimate load recorded was the maximum which 
the column was capable of maintaining, although considerable 
distortions may have previously taken place. 

The results of the tests are given in the following table : — 



TABLE No. 33. 

The Ultimate Resistance to Compression of Wrought-iron 

Pin-ended and Flat-ended Columns. 



Nnmber 
of experi- 
ment. 


Description of column. 


Length centre 

to centre of 

pins. Inches. 


Length 
diTiMby 

rsdins 
ofgjrration. 


Condition of 
end bearing. 

P = pin ended. 

F = fist ended. 


Ultimste 

strength. 

Tons per 

square Inch. 


1 


\ 


120*2 


62*3 


P 


13*49 


2 


Type seotioD. 


120*7 


62*3 


P 


1401 


3 


Fig. 165. Mean 


180*0 


93*2 


P 


11*23 


4 


sectional area = 


180*0 


93*2 


P 


9*40 


5 


9*91 sq. inches 


240*0 


124*3 


P 


8*65 


6 


, 


240*1 


124*3 


P 
P 


7*24 


7 




160-1 


38*8 


13*82 


8 


Type section. 
Fig. 165. Mean ^ 


160*0 


66*1 


P 


14*06 


9 


240*0 


96*7 


P 


11*80 


10 


sectional area= 


240*0 


96*7 


P 


10*06 


11 


15*90 sq. inches 


320*0 


129-0 


P 


8*79 


12 




320*1 


129*0 


P 


7*84 


13 




127*9 


46*1 


F 


14*16 


14 


Type section. 
Mg. 152. Mean 


127*9 


461 


F 


14-98 


16 


180*0 


65*0 


P 


14*43 


16 


j sectional area= 


180*1 


650 


P 


14*82 


17 


11*46 sq. inches 


I 240*0 


86*6 


P 


13-37 


18 




240*0 


86*6 


P 


1303 


19 




167*8 


47*1 


F 


15*60 


20 


Type section. 
Fig. 152. Mean 


167*8 


47*1 


F 


15*89 


21 


240-0 


67*4 


P 


14*32 


22 


sectional area= 


240*0 


67*4 


P 


14*40 


23 


17*85 sq. inches 


320*0 


81*4 


P 


11*82 


24 




320*0 


81*4 


P 


11*29 
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Nunber 
of ezperl- 



25 
26 
27 
28 
29 
30 



31 
32 
33 
34 
35 
36 



37 
38 
39 
40 
41 
42 



43 
44 
45 
46 
47 
48 



49 
50 
51 
52 
53 
54 



55 
56 
57 

58 



DeMripiioii of oolomn. 



Type seoiion. 
Fig. 163. Mean 
seotioiial areas 
9*41 sq. inches 






Type section. 
Fig. 163. Mean 
sectional areas 
15*87 sq. inches 



Type section. 
Fig. 163. Mean 
sectional area= 
21*12 sq. inches. 



Type section. 
Fig. 150. Mean 
sectional area= 
7*71 sq. inches. 



LngthoeDtra 
tooMitevof 
Indiee. 



Type section. 
Fig. 150. Mean 
sectional area= 
7*61 sq. inches. 



Type section. 
Fig. 150. Mean 
sectional area= 
12*14 sq. inches. 



119*9 
120*0 
180*0 
180*0 
240*0 
240-0 



167-9 
167*6 
247*6 
247*8 
319*9 
320*0 



167*7 
167-7 
247*6 
247*6 
320*0 
320*1 



159-2 

159*27 

239-6 

239*6 

319*9 

319-85 



159*9 
159*9 
239*7 
239*7 
319-8 
319-92 



199*84 
200*0 
300*0 
300*0 



LnKth 
diTldedl^ 

ndlna 
ofSTimtkn. 



49*3 
49*3 
74*0 
640 
98*7 
85*4 



Oooditloii of 
end beuins. 

P spin ended. 

F slut ended. 



P 
P 
P 
P 
P 
P 



Ulltanaie 



■qaenlnch. 



Inel 



13-98 
1415 
14-13 
13*71 
12-92 
13*34 



50*9 


F 


14*66 


60*8 


F 


15*66 


75*0 


F 


14-73 


65*5 


F 


15-40 


96*9 


P 


12*51 


129*5 


P 
F 


12-46 


511 


15*03 


61-1 


F 


14-76 


75-4 


F 


14*74 


75-4 


F 


15-15 


103-2 


P 


11-50 


103*2 


P 


11-58 


35-2 


P 


15-14 


35-2 


P 


16-35 


53*0 


P 


15-23 


530 


P 


14-91 


107*3 


P 


14-11 


107*3 


P 


13-33 


35-3 


P 


15-33 


35*3 


P 


14-97 


80-4 


P 


14-91 


53*0 


P 


16-35 


107*3 


P 


13-76 


85*3 


P 


13*73 


60-3 


P 


15*06 


50-3 


P 


15*48 


61-8 


P 


15*01 


61-8 


P 


14-48 
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Hnmber 

of «zperir 

meoi. 


Desorlptioii of oolnmn. 


Length centre 

to centre of 

pine. Inches. 


liongth 
diTldedbj 

ndins 
of gyration. 


Condition of 
end hewing. 

P s pin ended. 

F = attended. 


mtlmate 

strength. 

Tons per 

sqnftretnch. 


59 


Type section. 
Fig.150. Mean 


199-25 


41-0 


P 


13-89 


60 


199-50 


41-0 


P 


14-28 


61 


sectional area = 


300-2 


45-2 


P 


14-65 


62 


12*21 sq. inches. 


300-15 


75-6 


P 


14-61 


63 




300-0 




P 


11-69 


64 


Type section. 
Hg. 161. Mean 


300-0 




P 


12-57 


65 


300-0 




P 


7-77 


66 


sectional areas 


300-0 




P 


7-71 


67 


17*40 sq. inches. 


307-75 




F 


15-30 


68 




307-87 




F 


14-88 


69 


' 


247-94 




F 


14-68 


70 


Type section. 
Fig. 150. Mean 


247-94 




F 


15-12 


71 


240*25 




P 


7-25 


72 


sectional area= 


240-0 




P 


8-58 


73 


12-65 sq. inches. 


240-25 




P 


12-35 


74 


/ 


240-25 




P 


13-66 



Among the practical lessons to be deduced from these experi- 
ments, we may first observe that when the ratio of length to least 
radias of gyration exceeded 120 to 1, sadden lateral springing of 
the column occurred at or very close to the point of ultimate 
resistance. This may be compared with the similar phenomenon 
in the case of 3-inch rectangular bars referred to on p. 184. 

It might very naturally have been concluded that in pin* 
ended columns failure by lateral flexure would take place in a 
plane at right angles to the axis of the pin, especially when that 
plane coincided with the plane of the least moment of inertia and 
radius of gyration. 

This method of failure did actually occur in some twenty-four 
cases, but it is worthy of remark that in fourteen cases, although the 
plane of lateral flexure was at right angles to the axis of the pin, 
it was also in the plane of the greatest radius of gjrration, not the 
least. It is for this reason that the fourth column of the table is 
headed, " Length divided by radius of gyration," not least radius of 

gyration, the proportion of L being calculated on that radius in the 

r 
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plane of which failure took place. It is further to be noted that 
in several cases failure occurred in a plane parallel to the axis of 
the pins. Sach cases should be classified under the heading of 
fixed-ended struts rather than pin-ended, and even under this 
condition the plane of failure was not invariably that of the least 
value of r. 

It is not difficult to discover from the results of these experi- 
ments, and others which will be referred to, the great importance 
of avoiding structural weakness at the ends of a column which first 
receive the stress, whether it be a pin-ended, fixed-ended, or a 
flat- ended connection. The concentration of stress, and what 
appears to be in some cases of short columns a certain flow of 
material under extreme loads, may constitute this the weak point 
in the entire column strength. 

In tiie case now before us the end of the column is strengthened 
by the addition of three extra eye-plates on each side, forming a 
total thickness of metal of 3| inches and a total bearing surface 
for the 3^-inch diameter pin of 11*81 square inches. The stress 
through the eye-plate is transmitted to the body of the column by 
the rivets, which have a collective shearing area of 8*4 square 
inches. But this column (No. 42 in the table) failed by the shearing 
of these rivets, which did not fill the holes, the longest rivets 
having the most clearance. 

Another source of weakness was found to be the bending of 
the pin, when the unsupported length was too great, accompanied 
in some cases by the elongation of the pin-holes. 

Siveted columns of the type now under consideration may be 
stated to consist of a number of component parts, the nature of 
those components and their liability to individual failure varying 
with the details of design of the column. 

It is conceivable that the ultimate strength of a column will 
be determined by that of its component parts, and that the full 
strength of the column as a whole will not be attained when local 
weakness of the component is present. An example of local 
weakness at the ends of a column has already been described, and 
this view is further confirmed by an analysis of the experiments 
upon the box-shaped columns of the types shown in Fig. 163. 
Of thirty experiments carried out on this type, nine failed by 
the buckling of the plates between the rivets, and some instructive 
details may be gathered upon the important point of the proper 
pitch of rivets in a riveted column required to ensure the maximum 
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resistlEuicej especiaUy when the column is short. The buckled 
plate may be considered as a fixed-ended rectangular column, 
subject to compression in the length of the whole column, the 
length of this subsidiary or component column being the pitch of 
the rivets. If, further, this subsidiary column is supposed to be 
subject to a compressive stress per square inch equal in intensity 
to that sustained by the whole cross-section, we shall then have 
the relations expressed in the following table, in which are given 
the pitch of rivets both crosswise and lengthwise, the thickness of 

plates, i,e, the least dimension of the column, the ratio of - both of 

T 

the component and entire columns, and the ultimate strength per 
square inch, all as derived from the experiments, all the columns 
excepting the last (No. 38) having failed by buckling the plates 
between the rivets. 



TABLE No. 34. 

The Influence of Rtvet Pitch on the Ultimate Strength 

OF Columns. 



Nmilwr 

of ezperi- 

ment. 



25 
26 
13 
14 
19 
32 
31 
34 
37 
38 



PitehofiiTetslDiDchM. 


Cranwise. 


LengtiiwlK. 


7-5 


6 


7-5 


6 


8-0 


6 


8-0 


6 


10-5 


6 


10-25 


6 


10-26 


6 


10-25 , 6 


10-25 6 


10-25 


6 



Mean 

thickneas 
of plates. 



0-22 
0-26 
0-26 
0-26 
0-28 
0-31 
0-32 
0-33 
0-44 
0-49 



Value of i 

r 



Plate 

between 

rivets. 



95 
80 
80 
80 
74 
67 
65 
63 
47 
42 



Entire 
column. 



49-3 
49-3 
46-1 
46-1 
471 
60-8 
50-9 
65-5 
511 
611 



Ultimate 

strength. 

Tons per 

square Incb. 



13-98 
14-15 
14-16 
14-98 
15-60 
15-65 
14-66 
15-40 
1503 
14-76 



Nature of 

endooQ- 

nection. 

~ends. 
flat 



F = 



ends. 



P 
P 

F 
F 
F 
F 
F 
F 
F 
F 



It will be observed from the above figures that the 6-inch 
pitch of rivets represented, so far as the buckling of the plates is 
concerned, a column of greater length in proportion to its least 
radius of gyration than the column taken as a whole. This 
preponderance of slendemess is maintained in the first seven 
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experiments, decreasiDg as the plates thicken; in the next two 

the proportions of - are nearly alike, and it may have been a 

matter of uncertainty whether the column would fail as a whole 
by lateral flexure, or by buckling as they did between the rivets. 
In the last case, however, the thickening of the plate to 0*49 inch 

has altered the relative proportions of -, and the plate between the 

rivets is stronger than the column as a whole. Failure takes place, 
not by buckling of the plate, but by lateral flexure of the whole 
column, the plates buckling subsequently to the maximum load 
being attained. The ultimate resistances to buckling may be 
compared with the results of Hodgkinson's experiments on fiat- 
ended rectangular bars shown in I^. 126. 

The foregoing analysis is subject to the uncertainty which 
attaches to the influence which the crosswise pitch may have 
exerted upon the ultimate buckling resistance, but it at least 
serves to show that the pitch of riveting should not be overlooked 

in the design of columns, especially those which, by reason of their 

I 
ratio of -, may be expected to give a high ultimate resistance. 

In the particular cases cited, it is evident that half an inch was 
practically the minimum thickness of plate required to prevent 
buckling with a 6-inch pitch ; or, vice versa, that 6 inches was the 
maximum pitch allowable for ^-inch plates, when the ratio of 
length to least radius of gyration for the entire column was about 
50tol. 

We may now refer to the results of the experiments of the 
latticed columns, Nos. 43 to 74 inclusive, of the table on page 190, 
of which the types are shown in Figs. 150, 151. We obtain 
from this series some light on the important and difficult sub- 
ject of the minimuTn section required for the lattice members 
of columns of this type and dimension ; the evidence is, it must be 
admitted, only of a limited and negative character, but is valuable 
as far as it goes. 

These lattice bars formed a single triangulated system, arranged 
at an angle of about 60 degrees, and secured to the flanges of the 
channel irons by one f-inch or |-inch rivet, the breadth of the 
bars being 2 inches and 2jt inches respectively, and the thickness 
I inch. In the absence of any statement in the record of tests to 
the contrary, we may assume that bars of these scantlings were 
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sufficient to develop the full strength of columns of the lengths 
and dimensions shown in the table. 

The percentage of weight of material used to resist what may 
be termed the secondary stresses in a column, to counteract local 
flexure, to provide sufficient bearing area at the ends, or in other 
ways to meet local weakness, in comparison with the total net 
theoretic weight of the section subject to direct compression, must 
always claim attention in a preliminary estimate of the weight of 
any column or strut, and will vary in accordance with the special 
conditions of each case. It is obvious that the reduction to a 
minimum of the scantlings of such a system of latticing as that 
just referred to is desirable on economical grounds, although the 
practical conditions of riveted connections and the thickness 
judged necessary for resisting corrosion will limit the extent to 
which such reduction can be carried. 

We may now lastly observe from experiments Nos. 63 to 74 
inclusive Uie influence of eccentric loading upon the ultimate 
strength of the column. 

Ciomparing experiments 63 , and 64 with 65 and 66, we have 
two sets of columns, similar in length, cross-section, and details of 
ends, and differing only in the position of the point of application 
of the load. In the former (Nos. 63 and 64) the load is applied at 
the centre of gravity of the unsymmetrical cross-section, with a 
mean ultimate resistance of 1213 tons per square inch. In the 
latter (ITos. 65 and 66) the load is applied at the centre of figure, 
1*60 inches out of the centre of gravity, or, say, one-fifth of the 
width of the column, with a mean ultimate resistance of only 
7*74 tons per square inch. 

The reduction of strength due to eccentric loading is therefore 
in this case 36 per cent. 

Again, comparing Nos. 73 and 74 with Nos. 71 and 72, we find 
a mean reduction of 39 per cent., the eccentric loading being 
about one-sixth of the width of the column firom the centre of 
gravity of the section. 

It is noteworthy that a measurable amount of lateral flexure is 
observed at a much earlier stage in the history of the test in the 
case of the eccentric load, and the total loads required to cause a 
given degree of lateral flexure are much less in the eccentric load 
than in the case of that applied at the centre of gravity, a result 
which is in consonance with theoretical requirements. 

If we endeavour to trace the influence of the form of cross- 
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section upon the ultimate strength as between the H-shaped, the 
box with plate webs, and the box with lattice webs, it is found 
that there is little difference between the two latter, the lattice- 
webbed column being practically as strong as the plate-webbed 

for all values of -. The H-shape appears, however, to fall short of 

the ultimate resistances of the other sections, more especially as 

the value of ~ becomes greater. Further evidence is, however, 

required. 

The results of the pin- and flat-ended experiments are plotted 
in Fig. 128. It is not surprising, from a consideration of the 
foregoing remarks, that the average results are to be represented 
rather by an area than by a mean line, the varying elements of 
resistance in a built-up column being more likely to show con- 
siderable variations in strength than solid rectangular plates or 
bars, or simple rolled sections. 

Comparing pin-ended with flat-ended columns, we find, with 

nearly equal values of -, that the pin-ended columns give an 

T 

ultimate resistance but little less than that of flat ends. 

Thus the mean of experiments 31, 32, 37, and 38 is 15*02 tons 
per square inch, while the mean of Nos. 25, 26, 45, 46, 52, 55, and 
56 is 14'88 tons per square inch. It is probable that the size of 
pins was not without influence in the ultimate resistance of the 
pin-ended columns, while, on the other hand, the local buckling of 
the plates in some of the flat-ended specimens probably lowered 
the resistance of those columns as a whole. 

The well-known experiments of Mr. James Christie, M.Am.- 
SocG.E., on wrought-iron and steel struts, are plotted in Figs. 
129 to 132, and Figs. 134, 135, but for a complete description 
of the whole of the details of these valuable series of experi- 
ments the student is referred to the original record.^ 

In Fig. 129 are plotted the results of compression tests on 
flat- and fixed-ended angles and tees, these forms of struts being of 
the type-sections shown in Figs. 142 and 147. The angles experi- 
mented upon ranged in section from 1" x 1" X \" to 4" x 4" x f ", 
while the lengths of the struts ranged from b\^" to 15' 5|", giving 

a proportion of - which varied between 14 and 481. 

> TramacAUniM of the Amerkan Society 0/ OivU Sngineen, vol. xiii., April, 1884. 
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The teea, of which the experimental compressive reaalts are 
plotted in the same figure, varied from 1" X 1" to 4" X 4" in 
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section, and from 6" to 15' Of" in length, giving a proportion of 

; 

- ranging between 14 dnd 420. 
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The results of experiments on fixed- ended angles are plotted 
in the same figure. The fixing of the ends was obtained by means 
of clamps, and it is probable that the theoretical conditions of a 
fixed-ended strut were more nearly obtained in this series than in 

fiat-ended struts. It will be observed from the diagram that when 

I 

- exceeds about 150, the fixed-ended struts show generally a 

greater compressive resistance than the fiat-ended. 

Fig. 130 gives the results of compression tests upon hinged 
and round-ended angles and tees, both sections being plotted in 
the same figure. In this case, in the large majority of instances, 
the hinged ends consisted of ball and socket bearings, a semi- 
spherical ball of from 1 inch to 2 inches in diameter bearing upon 
a semi-spherical socket, the specimens being so arranged that the 
centres of balls were as nearly as practicable coincident with the 
centre of gravity of the cross-section. 

The influence of the size of the ball (probably due, although 
lubricated, to frictional resistance in the socket) may be traced in 
one or two instances in this set of experiments. 

For example, a 2 J" x 2^" angle, 5 feet 4i^ inches in length, 
with 2-inch diameter ball, failed at 12*44: tons per square inch, 
while an angle of the same section and length, with 1-inch 
diameter ball, failed at 8*18 tons per square inch. Again, an 
angle 3" x 3" x //, 15 feet 3| inches in length, with 2-inch ball, 
failed at 2*66 tons per square inch, while the same bar with 
1-inch ball failed at 1*31 tons per square inch. Another angle, 
2" X 2" X Tf^", 15 feet 4^^ inches in length, with 2-inch ball, 
failed at 0*71 ton per square inch, while the same bar with 1-inch 
ball failed at 0*62 ton per square inch. 

The loss of strength produced by slight eccentricity of loading 
also becomes evident in two tests ; an angle, 2" x 2" x ^s", 8 feet 
3J inches long, properly centred, with 1-inch ball and socket ends, 
failed at 3*16 tons per square inch ; improperly centred, it failed at 
1*77 tons per square inch. Again, an angle, 1" x 1" X ^", 5 feet 
3 inches long, with 1-inch ball and socket, properly centred, 
failed at 2*58 tons per square inch; a similar bar, slightly out 
of centre, failed at 1*30 tons per square inch. 

Considerable diversity of results is apparent in the hinged-ended 
specimens, possibly due to varying frictional resistances between 
the ball and socket, or pin and bearing, and the results are best 
expressed by an area, rather than a mean Une. 
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The round-ended specimens were arranged with a semi-spherical 
ball-bearing on a flat plate. Frictional resistances may be assumed 
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to have been absent in tbis case^ and the ends being free to tnm 
upon their bearings, the general results give a somewhat more 
r^fular mean line than those of the hinged-^nded struts. The line 
lies, however, obviously along the lower fringe of the hinged-ended 
area 

Fig. 131 gives the results of compressive tests upon wrought- 
iron flat-ended channels, joists, welded tubes, and Zed columns. 
The channels ranged from 2 inches to 12 inches in depth, and 
from 6 inches to 15 feet in length. The beams ranged from 
4 inches to 16 inches in depth, and from 6 feet 6 inches to 
22 feet in length. 

The tubes were 237 and 2*87 inches in outer diameter, and 
firom 3 feet 5 inches to 15 feet in length. 

The results of similar sections, but hinged-ended, are shown in 
Fig. 132. In this series, the influence exerted upon the ultimate 
strength by the precise conditions of the " hinged-end " are well 
shown. Thus a welded tube, 3*5 inches external diameter, 15 feet 
in length, did not fail at 10*5 tons per square inch with a 2-inch 
pin end, but, with 2-inch ball and socket, failure took place at 
6*3 tons per square inch, and with 2-inch ball and plate (round- 
ended, with practically no frictional resistance) at 5*0 tons per 
square inch. The result of eccentricity of loading is also shown 
by a tube of the same diameter and length, with 2-inch pin, set 
one-tenth of an inch out of centre, which failed at 8'4 tons per 
square inch. 

The quality of wrought-iron used by Mr. Christie in the fore- 
going tests was as follows: ultimate breaking stress in tension 
s= 21-8 tons per square inch ; elastic limit = 14*3 tons ; elongation 
in 8 inches = 18 per cent. 

Among the flat-ended specimens plotted in Fig. 131 are shown 
the results of tests on Z columns with one lattice web carried out 
by Mr. C. L. Strobel.^ These tests were fifteen in number, and 
the section of the column was of the' type shown ia Fig. 168, con- 
sisting of four Z irons, 2 J" x 3" x 2 J" x iV'> connected by a single 
lattice web. The lengths of the columns ranged from 10 feet 
11^ inches to 28 feet. The columns were tested horizontally, 
the lattice web being in a vertical plane. The ends abutted 
squarely against the castings of the testing machine, without 
the interposition of shoes, and the mode of failure was uniformly 

^ TtanKLeiicm of (he American Society of CivU Engineerf^ Tol. xyiii. 
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the same, b j flexttie in the direction of the least radins of gyration, 
in conformity with theory. 
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The aectioD appears to yield good results, hayiog regard to its 
simplicity of construction and accessibility for painting. Tensile 
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tests of the iron used in the Z sections gave an ultimate tensile 
strength of from 220 tons to 24*0 tons per square inch, with an 
elongation of from 11*3 to 227 per cent. 

In Fig. 133 are plotted the results of tests upon pin-ended 
lattice columns of the Detroit Bridge and Iron Company, made 
at Watertown Arsenal.^ 

These columns were of the type section shown in Fig. 150, 
consisting of two channel bars, connected together with a double 
web of lattice bracing. The channels were of sections 6 inches, 
8 inches, 10 inches, and 12 inches wide, with flanges of from 
1| inch to 2^ inches deep. The channels were spaced from 6 
inches to 8 inches apart, back to back, strengthened with 
reinforcing plates at the ends to provide bearing for the pin 
connections, the pins being 3 inches and 3^ inches diameter. The 
columns failed usually by deflection in the direction of the least 
radius of gyration. 

It will be observed from the figure that 3-inoh diameter pins 
give lower results than 3]^-inch diameter, a result in accordance 
with the tests on 3-inch rectangular bars with pin ends, described 
on p. 186. 

Fig. 134 gives the results in graphic form of Mr. Christie's 
experiments^ on flat-ended angles of mild steel, which were 
carried out under similar conditions to those on wrought iron 
previously described. The steel employed had an average carbon 
content of about 012 per cent., with an ultimate tensile resistance 
of about 28*3 tons per square inch, and an ultimate elongation of 
about 23'6 per cent, in 8 inches. 

Fig. 135 gives the results of similar experiments on flat-ended 
angles of hard steel, having an average carbon content of 0*36 per 
cent., and an ultimate tensile resistance of about 45 tons per square 
inch, and an ultimate elongation of 17^ per cent, in 8 inches. 

The number of published experiments on the ultimate com- 
pressive resistance of mild steel columns is, notwithistanding the 
extent to which this material has been employed in this direction, 
not so complete or extensive as those upon wrought-iron columns, 
and a series of further experiments on full-sized built-up columns 
of various sections is yet a desideratum. 

As an example of such tests, the following may be quoted ^ : — 

^ Lanza, ** Applied Meohanios.'* 

' Tra'MfuiiofM of the AmeriMti Society of CivU Engineert, vol. xiii., Angaat, 1884. 

» Ibid,, ▼ol.Jxxi. 
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Two columns of the type shown in Fig. 163, but with the 
lower flange plate replaced by open latticing, were tested to 
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destructiou. One column was flat-ended at one end and pin- 
ended at the other, with a total length of 15 feet from centre 
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of pin to flat end of column. The section couaiBted of one 
flange plate 11" x •^^', two aide plates 10" x ^", and four angles 
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2\** X 2\" X 4"* 1^8 column failed by flexure and local buckling 
at 20*9 tons per square inch. 

The second column was of similar type, but of lai^r scantlings, 
flat-ended at both ends, 24 feet 1^ inch in length, and consisted of 
one flange plate 13^' X ^^'\ two side plates 12" x J", two angles 
2i" X 2^" X ^^\ and two angles 2^" X 3" X {*^\ 

This column also tailed by flexure or local buckling at 19*3 
tons per square inch. The average ultimate tensQe strength of 
the angles and plates was 35'3 tons per square inch, with 22 per 
cent, extension in 8 inches. The steel, therefore, was of somewhat 
harder quality than that generally referred to in Chapter I. 

From the representation of the practical results obtained from 
the testing machine, we may now pass to the consideration of the 
breaking weights of coluoms as proposed by various authorities 
who have approached the subject either from a theoretical stand- 
point, or who have proposed formulae more or less empirical to 
embody the ascertained results of experiment. 

In Figs. 136 and 137 are plotted the values given by Professor 
T. Claxton Fidler for fixed-ended and round-end^ columns of hard 
steel, mild steel, wroi^ht iron, and cast iron. For the details of 
the mathematical treatment of the subject, the student is referred 
to the original works of that author.^ 

In Fig. 138 are plotted the values for the breaking weights of 
wrought-iron columns, both flat-ended and pin-ended, of various 
sections, as given in the formul» proposed by an American 
authority. Similarly the values of the breaking weights of mild 
steel, wrought-iron, and cast-iron columns, flat- and pin- or round- 
ended, as given by the formula proposed by another American 
authority, are plotted in Fig. 139. 

We may now proceed to the discussion of various practical 
sections of struts and columns of rolled mild steel, such as are 
usually found in ordinary construction. 

Figs. 140 to 175 give typical sections of struts and columns 
commencing from the simplest and most elementary forms, and 
exhibiting the growth or evolution of the more complex sections 
produced by riveted combinations of simple forms. It is to be 
remembered that the figures are type sections only. The propor- 
tions of the various members and their relative sectional areas and 
positions wiU. be determined in every case by the conditions to be 

^ ProfeflMr T. Olaxton Fidler, " A Praotioal Treatue on Bridge GoiutrQctioo." 
See also Proo, hut. Civil Sngineers, Tol. Izxxvi. 
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let, and the amount of load to be carried, whether considered as 
direct Bimple vertical load, or a combination, as is often the caaej 
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of vertical and transverse loading. The designer will endeavour 
naturally in caaea of direct vertical load to eqoalize as far as 
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possible the radii of gyration about all axes, wMle disposing his 
metal at the greatest possible distaaoe &om the neutral axis ; but it 
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vill frequently happen that this is not feasible, aad, in fact, is only 
theoretically met by the adoption of perfectly circolar sections. 
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such as the hollow circular cast-iron column or welded tube. In 
all cases of unequal moments of inertia about different axes and 

unequal radii of gyration, the proportions of - must be determined 

T 

with reference to the least radius of gyration or the direction in 
which failure by flexure may be expected. 

Kg. 140, a simple flat bar, is met with as a strut or compression 
member in the webs of multiple lattice girdere^. It is obviously 
weak in the direction of its least radius of gyration, and is pre- 
vented from failure in that direction by the frequent intersection 
of the tension diagonals and the use of stiffening vertical members. 
Outside the particular application mentioned, it is not frequently 
used as a compression member, being obviously less adapted for 
that purpose than other and stiffer sections. 

Fig. 141 is an example of the use of flat bars in pairs, frequently 
used as compression members in the diagonals of roof principals of 
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Fio. 140. Fig. 141. Fio. 142. Fio. 143. 

small span, say up to 30 or 40 feet or thereabouts. The bars are 
usually pin-connected at the ends, and swelled apart at the centre 
by cast-iron distance pieces as shown. It is a convenient form of 
strut for light loads, but is apt to fail by weakness at the ends, 
the bars buckling near the pin connections. 

Fig. 142 is a simple angle, either equal or unequal legged 
section. This section is in common use in the compression 
diagonals of small lattice girders and as a single angle in the 
rafters of small and light roof principals and their diagonals. 

The double angle shown in Fig. 143 is a variation of the same 
type used for the same purposes, where the loads are heavier. 
The angles are occasionally riveted close together, back to back, 
and thus form practically a riveted tee. The mode of attachment 
of the single or double angle as a compression member is nearly 
always by one leg only. Under these conditions the distribution 
of stress is conceivably very unequal over the whole cross-section, 
and it is to be r^retted that while numerous experiments have 
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been canied out npon the ultimate strength of angles in compres- 
sion, so little has been done to elucidate under actual practical 
working conditions the ultimate strength of angles connected in 
the usual way, and with the direction of the compressing forces 
out of centre with the centre of figure of the section. 

A further elaboration of the use of angles is given in Fig. 144, 
which is a somewhat special section, occasionally used in the com- 
pression diagonals of roof trusses of laige span. The four angles 






Fig. 144. 



Fig. 145. 



Fig. 146. 



are brought near together at the ends and swelled out at the 
centre by cast-iron distance pieces. 

A more simple example of the use of four angles is given in 
Fig. 145, also used as a compression member of large roof trusses, 
and consisting of four angles connected by internal stiffening 
plates at intervals as shown, or by light lattice bracing in the 






Fig. 147. 



Fig. 148. 



Fig. 149. 



same planes. Such a strut is frequently pin ended, but may also 
be riveted and "fixed" ended. This strut is an example on a 
small scale of the type shown in Fig. 164, which is intended for 
large columns with heavy loading. 

Fig. 146 will be at once recognized as the compression or top 
flange of ordinary plate or lattice girder construction of moderate 
spans. The increase of sectional area required is usually obtained 
by increasing the thickness or number of the plates. 



PRACTICAL DESIGN OF COLUMNS AND STRUTS. 215 

Fig. 147, showing a simple tee section, is in common use as 
the rafter or compression member of roof trusses up to about 
40-feet span, and in their compression diagonals. Its place is 
sometimes taken by the double angles shown in Fig. 143. It is 






Fio. 150. 



Fio. 151. 



also frequently used as the upper flange of small lattice girders 
or trussed purlins in roof work. 

The double tee (Fig. 148) is used in the compression diagonals 
of large roof trusses, especially in those types of " crescent "-shaped 
principals shown in Fig. 345, where the stresses in the diagonals 
are not great. In such cases the double tees are brought near 





Fio. 152. 



Fig. 153. 



together at the ends and swelled out in the centre with cast-iron 
distance pieces, and are not so liable to the local weaknesses 
that may occur with the use of double flats, as in Fig. 141. 

Fig. 149 is the simple channel, frequently used alone, but 
perhaps more commonly in combination, either in pairs, as in 
Figs. 150, 152, or as in Fig. 161. 
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Fig. 150 gives a pair of channels connected by lattice bars on 
both sides, and forming an open section used in the compression 
rafters of roofs of considerable span, say from 70 to 100 feet, as 
ordinary columns, or in compression members in large triangular 
girders. 

Fig. 151 is the same combination of channels, but with a solid 





Fia. 154. 



Fig. 155. 



plate connection on the one side and open latticing on the other, 
used for similar purposes to those above mentioned, but where 
heavier stresses have to be provided for. 

Fig. 152 shows a section of column frequently used for heavy 





Fig. 156. 



Fig. 157. 



loads in buildings, warehouses, dock sheds, and the like, consisting 
of two channels and two solid plate sides forming a closed cell. 

Fig. 153 is a form of section composed of four channels as 
shown. 

Fig. 154 shows an effective section consisting of four channels 
connected at the external corners by four angles. 
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We now approach a group of sections in which the rolled joist 
is the principal feature, used to a very large extent in ordinary 
building construction, and which combine a considerable amount 
of stiffiiess with simplicity and ease of construction, and economy 
in riveting. 

Fig. 155 is the simple rolled joist, in which no riveting is 
required except in end connections when used as a plain column 
or stnit. The principal defect in this section is the iaequality of 
the radii of gyration round the axes severally square to the web 
and flanges. The relative values of these radii will be found for 
various sections in the table of the mechanical elements of rolled 
joists (p. 97), and in columns or struts exposed to lateral shock 
the liability to flexure in a plane square to the web must be borne 
in mind. This defect has apparently been recognized by some 




Fra. 158. 

manufacturers, who have produced a section of rolled joist of 
exceptional width in the flange. This weakness is also to some 
extent corrected in the next development of this form of column 
shown in Fig. 156, where plates (one or more in thickness) are 
riveted to the flanges of the rolled joist, whereby the moment of 
inertia round the axis parallel to the web is increased. TMb 
section is very useful, and is largely used in columns for general 
building purposes. 

Fig. 157 shows a pair of rolled joists, connected by plates as 
shown, or by a system of lattice bars in the same planes. A 
practical example of this type on a large scale will be referred 
to in detail hereafter. 

Fig. 158 shows a strong column for heavy loads, composed of 
three rolled joists connected by plates as shown, or by latticing. 

Fig. 159 shows a combination of three rolled joists which is the 
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prototype Iq uuDiature of the more elaborate section shown in 
Rg. 167. 

Fig. 160 shows the same combination, with the addition of 
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Fio. 160. 



external flange plates, which may be replaced either by latticing 
or flat stifiTening plates at intervals. 

Fig. 161 gives a column composed of one rolled joist and two 
channels, a simpler form of the type shown in Fig. 165. 

It not unfrequently happens that a built-up section of plates 
and angles, though more expensive, offers greater facilities to the 






Fio. 161. 



Fio. 162. 



Fio. 163. 



designer in certain details of connections or in arrangement of 
cross-section than a simple rolled section of similar type of out- 
line, and so we frequently find the built-up section consisting of a 
plate and four angles, shown in Fig. 162. This section, similarly 
to that shown in Fig. 156, may be further elaborated by the 
addition of flange plates riveted to the angles. 

Fig. 163 gives a box section of great strength and stifliiess, 
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frequently used in columns carrying heavy loads. The same 
amount of metal disposed as shown in Fig. 164 will yield a greater 
uniformity in the value of the radii of gyration about different 





Fio. 164. 



Fig. 165. 



axes^ but the riveting is more difficult to get at^ and must be 
dealt with in a manner similar to that adopted in ships' masts, 
sheer legs, derricks, etc. 

Fig. 165 gives a valuable section, of good appearance, and 





Fio. 166. 



great stiffness in all planes, composed by the addition of channels 
riveted to the section shown in Fig. 162. 

Figs. 166 and 167 show types of built-up-sections of plates and 
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angles adapted to meet special conditions in large columns 
carrying heavy and diverse loadings. 

The use of these sections will be further alluded to in detail. 




Fio. 167. 



Figs. 168 to 170 give sections of columns composed largely 
of Zed sections combined with plates or latticing. 

Fig. 168 is composed of four Zeds and one central plate. Fig. 





Fio. 168. 



Fio. 169. 



169 is of similar section, with additional plates on the outside. 
Latticing may take the place of these outside plates. 

Fig. 170 shows a similar combination with the Zeds turned the 
reverse way, the metal being disposed to better advantage, though 
the appearance of the column is perhaps not so satisfactory. 

Figs. 171, 172 are sections of a more or less special nature, 
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somewhat less simple in their end connections and the details 
connecting them with other members than the types above 
considered. 

Fig. 171 is composed of four tees, or four sets of double angles, 
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Fio. 171. 



disposed as shown and connected by bent plates, or trough 
sections. 

Fig. 172 is a section of a type of column made up of the so- 
called " trough sections " used for flooring and decking. This 





Fio. 172. 



Fio. 173. 



combination produces a column of great strength and stifiBaess, 
though not so well adapted for secondary connections as 
others. 

The use of the circular column in any other material than cast 
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iron in ordinary building construction is somewhat limited. Its 
use in cast iron in the type of section shown in Fig. 173 is too 
universal and well known to need any further description. 

The circular section in mild steel may in small columns take 
the form of welded tubes, and in larger sections of plates bent to 
a circular curve and butt-jointed with covers. 

In this form we find its use on a large scale in sheer legs, 
ships* masts, derrick poles, and occasionally in bridge work of very 
large span. In such structures the circular plate is frequently 
stiffened internally, and in sections of sufficient size manual labour 
inside the tube is used for the purposes of riveting. 

In Figs. 174 and 175 we have the section generally known as 
the Phoenix. The figure gives an arrangement in four sections 
only, but a larger number may be employed in accordance with 





Fio. 174. Fig. 175. 

the size required. This form is one of great stiffness, and in 
wrought iron has given very high results in the testing machine, 
possibly owing to the mutual support given by the form of section 
and the stiffening ribs, and its consequent freedom from local 
weakness in the unsupported part of the plate. 

Secondary attachments offer some little difficulty with this 
form of section, and the type most frequently found is that shown 
in Fig. 176, where filling strips are inserted between the flanges 
of the segments. This gives the opportunity of insertion of sketch 
plates wherever required for attachments, the filling strips being 
stopped off as required. Occasionally the strips are carried right 
through the diameter of the column. 

If we now endeavour to institute a comparison between the 
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sections which have been above described, based either on the 
grounds of efficiency or economy in first cost, it must be premised 
that any section can hardly be considered per se without reference 
to its surroundings, and the use to which it has to be put. 

The requirements in detail of the various secondary members 
which may have to be attached to the simple column will always 
have an influence in the choice of selection. The design in detail 
of the cap and base, the attachments for such fittings as counter- 
shafting brackets, the counterbracing as in the case of the piers to 
a viaduct, the attachments of traveller, roof, or floor girders will 
invariably demand careful consideration, and the success of the 
design as a whole will be influenced by the skill with which these 
details axe worked out. 

As regards economy in first cost, other things being equal, it 
may be assumed that the section having the least amount of 
riveting will be the cheapest per unit of weight. Thus comparing 
the built-up sections, we find that Figs. 162, 168 show two lines 
of rivets. Fig. 155, which is the equivalent of Fig. 162, having no 
rivets. Figs. 152, 156, 157, 159, 161 will have four lines of 
rivets, Figs. 169, 170 have six lines. Figs. 158, 160, 163, 
164 have eight lines. Fig. 166 has ten lines, while Fig. 167 
has eighteen lines. 

The extent, however, to which the use of simple sections, 
with a comparatively small amount of riveting, can be carried, is 
governed by all the conditions of the case, and the amount of load 
to be carried. 

A further comparison may be made of the sections above 
described which is not without importance, and that is the extent 
to which the surfaces of the respective sections can be protected 
from the eflects of corrosion, or, in other words, the extent to which 
the sections can be got at by the paint brush. 

All the simple sections are fairly accessible. Figs. 151, 157, 
160, having latticing on one or both sides, can be painted 
internally, while Figs. 163, 164, 169, 170, with solid plate flanges, 
have closed cells, which cannot easily be painted under ordinary 
conditions. Such closed cells are not infrequently filled with 
concrete, although the extent to which this acts as a preservative 
coating depends largely on the degree of close contact with the 
metal obtainable. 

Figs. 155, 156, 159, 161, 162, and 165 to 168 can be readily 
painted inside and out. Figs. 152, 157, 158, 160, 163, 169, 170 
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will be either closed cells or accessible to the paint brush, if they 
have solid plate flanges or latticing respectively. 

A temptation, often present to the mind of the designer when 
preparing his working drawing for a column or strut, prompts him 
to save time and trouble by only detailing, say, the cap and base to 
some convenient scale, and breaking off the remainder so as not 
to show to a true scale the entire height and length of the column 
or strut. This is a practice not to be commended, and one which 
the junior draughtsman is cautioned against, inasmuch as the 
opportunity is lost of viewing the true proportions of diameter or 
least dimension to height, a factor which is always of great 
importance. 

The complete elevation in true scale enables the trained eye of 
an experienced designer to verify the theoretical conclusions he 
may have arrived at as to the proportions of his column, and may 
save him the embarrassment of the after-contemplation of a work 
which may either look dangerously slender or unnecessarily stout. 

The above remark is perhaps the more necessary, inasmuch as 
in the following details of columns which are now presented, 
owing to the exigencies of illustration, the details of the column 
will be given rather than the complete elevation. 

The examples which follow are taken from the working 
drawings of columns actually constructed. 

Fig. 176 is the side elevation of a riveted steel column of the 
type shown in Kg. 162, for supporting a heavy warehouse floor 
with roof over, the building consisting of ground and first floor 
only. 

The section consists of four angles, four flange plates, and one 
solid web. In order to distribute the heavy concentrated load 
properly over the concrete bed on which it stands, a cast-iron base 
plate is employed, shown in side elevation in Fig. 177, in end 
elevation in Fig. 178, and in plan in Fig. 176. 

The meeting surfaces of the base plate and column would in 
such a case be machined carefully square to the vertical axis of 
the column, and the bed-plate fixed carefully level, and the 
concrete surface grouted up, or prepared with sheet lead or felt. 

In Figs. 181 and 182 we have shown the upper portion of a 
similar type of column of somewhat Ughter section, showing the 
details of the cap. 

The connection of the cap of the column shown in Fig. 177, with 
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the floor girdeis and the base of the column above, is an illustration 
of one method of dealing with a question which will constantly 

Fra. 176. Puj. 177. 

Scale 1 iDob = 1 foot. Bo&la | Inch = 1 foot. 
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present itself to the mind of the designer, viz. whether the column 
should give way to the connections at each floor, or vice versa, or, 
in other words, whether the columns should be in one continuous 
length from top to bottom, or broken wherever attachments for 
floor girders have to be made. In the writer's view no hard-and- 
fast rule can be laid down. Where the column spacing is wide, 
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HOLOIN.G -DOWN BOUTS. 
(4 THUS TO EACH COLUMN) 

FlO. 179. 

Scale 1 inch = 1 foot. 

and the floor girders, as in the case under consideration, are of 
considerable span, carrying heavy loads, it appeared desirable that 
the detail of girder seating should occupy the first place, especially 
when the column next above, carrying the roof load only, is of 
moderate scantUng and the load light. 

In pursuance of the above reasoning. Figs. 183 and 184 show 
the front and side elevations of the cap of the colmnn arranged to 




WASHER PLATES. 
(Z THUS TO EACH COLUMN.) 

Fig. 180. 
Scale 1 inch = 1 foot. 

take the ends of the principal and secondary floor girders, and it 
will be observed that the base of the upper column, which, as above 
stated, carries the roof load only, stands, not immediately upon the 
cap of the lower column, but upon the upper flanges of the floor 
girders, the compressive stresses being brought down to the lower 
column by means of the webs of the girders, which are shown in 
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detail in sectional plan in Fig. 185, and which are strengthened by 
additional plates and angles to enable them to do this duty. The 
base of the column above is shown in sectional plan in Fig. 186, 
on the line HH (Fi^. 183 and 184). 
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These figures then illustrate a case where the continuity of the 
column structure has been broken in order to meet girder require- 
ments. But it must not be supposed that this is an example to 
be followed where the conditions are not similar. 
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In cases of buildings of several stories, where the column is 
considerable height, in segments of the various floor spacings, 
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and where the accumulation of load on the lower columns is 
heavy, a sonnd judgment would lead to the conclusion that the 
continuity of the column is of the first importance, and that all 






details of girder connections should be made to give way to it. 
Such a case might be conceived to arise in the columns snpporting 
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the various box and gallery tiers in a theatre auditorium, ai 
where the safety of the audience demands that the utmost care I 
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taken in the design of all column details. Even in this case the 
continuity of the column has not in practice always been preserved, 
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although by the use of divided girders carrying the box tiers and 
forming the projecting cantilever portions, this desirable end could 
easily be secured. 

Another illustration of the importance of column contintdty is 
found in the very lofty structures erected on the principle known 
as skeleton steel construction, as commonly practised in the 
United States. Here the consideration of transverse stresses due 
to wind pressure, and the necessity of preventing lateral flexure 
or oscillation, leads to very careful consideration of the column 
connections, and the best practice demands as much continuity of 
the column members as can be practically attained, the girder 
seatings being as a rule bracketed off the columns. 

We may have, then, two leading ideas which point to the 
desirability of column continuity, the accumulation of vertical 
loading, and the possibility of lateral flexure or oscillation in the 
biulding as a whole.. 

Figs. 187, 188 give details of the base of a column of similar 
type to the foregoing, i.e. of girder section, of the type shown in 
Fig. 162. In this case no cast-iron bed-plate is used, the base of the 
column being arranged to bear directly upon concrete or stonework. 

We may next examine the details of a massive column of the 
type shown in Fig. 166, used in the interior of an engine-house, 
and supporting a heavy load arising from two lines of traveller 
girders, together with the load of girders and cast-iron tank above, 
the details of which are considered on pages 158 to 171. 

It will be seen from Figs. 189 and 190 that at the level of the 
capping or bracketing supporting the traveller girder, the column 
is gathered in, and reduced in section to the dimensions shown on 
Fig. 191, which is a plan of the top of the traveller girder seatings 
looking down. The upper column is of the same type of section 
as the lower portion, and possesses great stiffness in all directions. 
Fig, 189 is a front section on the line E of Fig. 191, and Fig. 190 is 
a section on the line DD of Fig. 191. 

It will be observed that the traveller girder seatings are borne, 
as it were, upon the shoulders of the lower portion of the column, 
while the continuity and rigidity of the colunm as a whole is well 
maintained. 

The clearance between centre of traveller rail and face of 
column is 9 inches, less the projection of the rivet heads (see the 
remarks on this detail in Chap. III., p. 137), a clearance which is 
sufficient for the type of traveller used in this instance. 



aji CONSTRUCTION IN MILD STEEL. 

The normal eection of the lower portion of the oolumn below 
traveller girder seatings la shown in Fig. 192, aad of the upper 
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portion in Fig. 194, the side elevation and plan of cap to upper 
portion of column being shown in Figs. 195, 196. 

In columns of this tfi>e, where tho height ia considerable, it is 






Fia. 189. 
BoaleJiDoli = 1 foot 



sometimes desirable to introduce plate and angle stiffeners, similar 
to the Btiffenera in the web of an ordinar; plate girder, for the 
purpose of preventing distortion or flexure in the outer comer 
angle irons. This detail ia shown in Figs. 192, 193. 
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A column performing similar fnnctions to the one last 
described, and of similar type, is shown in Figs. 197 to 205. 

The method of effecting the connection between the upper and 
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lower sections of the column at the level of the traveller girder is 
shown in Figs. 197 and 198, which is a variation from the design 
shown in Figs. 189 and 190. The normal section of the lower 
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portion of the column is shown in Fig. 200, together with the 
details of the stiffener shown in plan in Fig, 200, and in elevation 
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in Fig. 201. Details of the base of this column are shown in 
Figs. 202, 203, 204, and 205, with lewis bolts securing the column 
to a masonry bedstone. 
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A column^ of which the simple elementary type is shown in 
Fig. 157, is shown in detail in Figs. 206 to 215 inclusive. 

This column consists, in its lower portion, of two rolled joists 
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strengthened with flange plates, and connected together into one 
member by the parallel system of flat bar lattices, shown in eleva- 
tion in Figs. 206 and 207, which are side elevations of the column 
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at the base and cap respectively. The front elevation is given in 
Figs. 208 and 209, also at the base and cap respectively. The 
normal section of the lower portion is given in Fig. 210. It 
will be seen from the figure that the flat bar braces are slightly 
bent to pass over one another at the intersection, where they are 
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riveted together, while the flat bar bracing, consisting of 4" x f " 
flats riveted together at the meeting face, is intended to prevent 
any tendency to a corkscrew twist in the rolled joist members of 
the column. The weight-bearing section is also seen to consist of 
two rolled joists 16 inches deep at 62 lbs., each with two 8" x ^" 
plates riveted on. 
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A sectional elevation of the base is shown in Fig. 211, on the 
lino DD of Fig. 212. 
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A sectional plan of the column on the line CC of Fig. 206, 
looking down, is given in Fig. 212, from which and Fig. 206 it will 
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be seen that the column is held down by four holding-down bolts, 
which in this case pass thiough a bed of concrete. 
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The column carries two lines of traveller girders, while the 
upper section, continued above the traveller girder seatings, carried 
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a roof load. The connection between the upper and loww sections 
of the column, at the level of the traveller girders, is shown in 
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Figs. 207, 209, 213, and 214. Fig. 213 is a sectional plan, looking 
down, on the line AA of Fig. 207, and shows the upper faces of 
the traveller girder seatings. 

Fig. 214 ia a vertical section on the line FF of Fig. 213. It 
will be seen that the normal section of the npper portion of the 
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column is of the type shown in Fig, 156, and a plan of its cap is 
shown in Fig. 215. 

It will be observed that the load aiiaing from the upper 
section is distributed equally over the two members of the lower 
section hy means of the plates and angles forming the cap and 
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Beatings of the traveller girders. This member has to act, there- 
fore, aa a girder, being subject to transverse and shearing stresses, 
while the loads arising from the traveller girders are transmitted 
directly down the two principal members of the lower column. 
A column of somewhat complex type will now be deacribed. 
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the arrangement of the details and connections being determined 
by the conditions of the site and the peculiarities of loading. 

It forms one of a row of columns dividing two adjacent bays 
of an extensive range of fiictories, boiler-shops, etc., the bay on 
one hand having a high-level traveller road, with high-level 
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roof, and on the other hand a low-level traveller road, with low- 
level roo£ Together with the provision for these traveller and 
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roof loads a system of bracing is also attached for the purpose of 
carrjring the various ranges of main and countershafting, with 
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electric motors attached to the colamn, required for the varied 
machine tools to be used in the shops. The variety of loading and 
of detail of connection thus required rendered the design of these 
columns somewhat complex, and the results are not without their 
value to the student The general arrangement of the columns, 
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and of the traveller girders, roof girders and roof principals asso- 
ciated with them, is shown in Figs. 216, 217, the bracing for 
countershafting, which supplied longitudinal stiffness to the rows 
of columns, being omitted for the sake of clearness. 

Fig. 218 is a front elevation and Fig. 219 a side elevation of the 
base of the column. A plan of the base looking down is given in 
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Fill. 216 (SoJe 1 inch = 10 feet). 
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Fig. 220. It will be observed that the columa is held down by 
eight Foundation bolts, the details of which are shown in Fig. 221 
and to which further reference will be made. 
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A longitudinal eectioD of the base is also sliown in Fig. 222. 

The normal section of the lower portion of the column is given 
in Fig 223, from which it wiU be seen that the weight-bearing 
section consists of two girdet-shaped riveted sections, each consist- 



ing of a solid weh 20" X i". four angles 3J" X 31" X 4". and 
two plates 8" x 4". The sections are prevented from twisting by 
a braced arrangement of flat bars 3" x %", arranged as shown, and 
spaced at intervals up the column, while the pair of girder sections 
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are united by a latticed web of angle irons riveted to the back of 
the girder webs as shown in Fig. 219, thereby converting the pairs 
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of vertical coloniiis into one braced vertical cantilever, capable 
of resisting transverse flexure, and with a very large moment of 
inertia in the plane of the latticed web ; while in a plane at right 
angles thereto, and in the longitudinal axis of the traveller roads, 
the girder sections constituting the columns have each a large 
resistance to flexure in that plane. 

This lower section of the column is continued up to the level 
of the lower traveller road, provision for which^ made as shown 
in Fig. 224, one girder section being stopped off to cany the lower 
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traveller girder, while the other girder section is continued up 
unbroken to carry the higher traveller as shown in Figs. 217, 225. 
It will be seen in Fig. 224 that at the level of the lower 
traveller seating a new vertical member commences, intended to 
carry the roof loading above. The base of this roof column is 
arranged to rest upon the arrangement of plates and angles shown 
in Fig. 224, by which means the roof load is divided between the 
twin girder sections of the lower portion of the column. Ee- 
ferring again to Fig. 225, we see that while the column section 
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is stopped at the level of the upper traveller road, the roof 
column is contiimed upwards to the summit of the entire column, 
the total height from the under side of the column being 46 feet 
5 inches. The section of the column between the levels of the 
lower and upper traveller ways is shown in Fig. 230. 
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The student will observe that the clearance between the faces 
of columns and the centre Hne of traveller rail is in this case 
11 inches, and he will be in a position to appreciate the influence 
which this dimension has on the arrangement of details in cases 
of this kind. 



PRACTICAL DESIGN OF COLUMNS AND STRUTS. 255 

Fig. 226 is a sectional plan on line FF at the level of the 
lower traveller girder seating shown in elevation in Fig. 224, while 
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Fig. 227 is a section on GG, Pig. 224. Fig. 228 is a section through 
DD (Fig. 225), and Fig. 229 is a section at CC, looking down upon 
the seating of the upper traveller girder. 
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The uppermost portion of the column above the upper traveller 
road, canying the lattice roof girder, has sections, which are shown 
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in Figs. 231 aod 232, while the detail of the bolted connection 
between column and roof girders is shown in Figs. 85, 86, The 
details of the girders themselves are alluded to, together with those 



of the roof principals which they support, in Chapa, III. and V., 
pp. 149 and 313. 

The general question of foundations is not one which comes 
within the immediate scope of these notes, but a few remarks upon 
the nature of the foundations required for the column above 
described may not be inappropriate. 
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The column in question waa built upon made ground, and 
experimental tests of its weight-bearing capacity showed that the 
load to be imposed could not be carried by the bare soil without 
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risk of an amount of settlement which might prove injurious to 
the traveller roads and the main and countershafting. Piled 
foondations were therefore provided for the column bases in the 
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manner indicated in Figs. 233, 234 and !235, in &ont and ddo 
elevation and plan. 
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A group of eight piles of whole timber driven down to the 
solid is connected at the top by a grillage of half-timber sills 
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bolted to the pUes as shown, the whole being capped by a massive 
bed of Portland cement concrete, with carefully levelled top surface. 
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Upon which the bases of the columns shown in Fig. 216 were 
planted. 
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The general arrangement of the boildiug is such that any 
overturning moment due to horizontal wind pressure acting at the 
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Fig. 231 (Scale ) inoli - 1 foot). 
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top of tlie column is divided between Bereral rows of coltunns, 
the whole being enclosed between masonry walls of a sabstantial 
character. Conseqaentlj the amount of holding-down power 



Tec|uiTed to resist such a moment was not excessive, and the 
group of eight foundation bolts shown in detail in Fig. 221 
provided a sufficient resistance. The arrangement of these bolts 
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is shown in plan in Fig. 235, and it will be observed that their 
washers, in this ease, consist of simple steel flats, 1 inch thick, 
arranged as shown. 

Under other conditions of construction, however, the question 
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of lateral stability of the whole structure against wind pressure 
may be of greater importance, and require special provision to 
ensure sufficient resistance to an overturning moment. 

Especially may this be the case where the building is lofty 
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and tlie eDclosing walla composed of timber or corrugated sheet- 
iron, or both combined, having no great weight in themselves, and 
tlierefoie requiring a sufficiency of stability in the column 
anchorages. 
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An instance of this class is illustrated in Fig. 236, showing a 
cross-section of a building designed to cany 70-ton travellers at 
a height of rail level of 41 feet 4 inclies above ground, the elevation 
of one bay of tlie building being shown in Fig. 237. 
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Id this caae the columns of riveted wrought iron rest upon 
massive concrete foundations, carried down to a reliable stratum 
onderlying soft alluvial deposit. 

The section of this column, which is 49 feet in total height, is 
of the type shown in Fig. 167, and the details of the hase and 
anchorages are shown in Figs. 238, 239, 240, 241, 242, and 243. It 
will be seen that the holding-down bolts resisting overtaming 



moments transversely to the building are 3 inches in diameter, of 
mild steel, with circular cast-iron washers, while sufficient stability 
in the longitudinal direction of the building is afforded by bolts 
2^ inches in diameter. 

The attention of the student is directed to the means by which 
the heavy anchon^ bolts take hold upon the riveted column 
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The detail of the cap of the column and the seating provided 
for the traveller girders is given in Fig. 244, and the section of the 
traveller girders showing elm timber sleeper forming continuous 
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bearer to rail in Fig. 245, the timber being notched to the stepping 
up of the plates in top flange, the traveller girder in this case 
being of uniform depth, and not fish-bellied. 
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In such a case as the foregoing, the fixing of heavy anchorage 
bolts during erection requires careful attention to ensure that the 
bolts themselves do not sink beyond their true level when concrete 
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is being deposited around them, as in aach an event the screwed 
portion of the bolts may be found insufficient in length to pass 
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through the whole depth of the nat, a contingency which points 
to the desirability of an ample mai^n of length in the bolt and its 
screwed portion, the labour of cutting off excess length in such 
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conditiona being preferable to any loss of strength in the hold on 
the nut. 



Fig. 245. 
Scale I inoli = 1 foot. 

The accuracy of position of all anchorage bolts in plan should 
be secured by the ose of templets. 



CHAPTER V. 

ROOP OONSTRUOTION IN MILD STEEL AND IRON. 

General lemarloi— Development of loof constraotion in Umber, cast iron, wrongbt 
iron, wrought iron and steel, mild steel — Clasaifloation of roof principals — 
Members of loof principals — Upper or oompressiye member or principal rafter — 
Sections for principal rafter — Shoes to rafter — Expansion apparatus — Main tie 
or lower tension member ; in timber roofs ; in composite roofs ; in wronght-iron 
roofii ; in steel rooHi — ^Bisks of defective smith- work — Earlier steel tie-rods—* 
Present-day praotic&— Flat bari ties — Link* tie-rods — Occasional stiffening of 
main tie-rod in small roofs — Examples of tie-rods — ^Intermediate bracing — Stmts 
— ^Tics — ^Purlins — Influence of natmne of roof covering npon the arrangement of 
purlins — Details and sections of pnrlins— DlBtanoe apart of main trusses — Inter- 
mediate rafters— Roofing accessories— The collection and disposal of rainwater 
or melted snow — General arrangement of roof drainage — Roof guttering in cast 
iron or riveted steel ; in lead— Experiment on rate of disobarge in gutters and 
cesspools — Area of roof surface to be drained — Examples of guttering and 
down-pipes— Expansion joints— Stopped ends — ^Lanterns, skylights, and venti- 
lators — General remarks— Lantern standards— Louvre blades— Roofs of flat 
pitch — Examples of roof construction of various types — Special type of roofing 
combined vrith vertical supports — Details— The testing of roof principals- 
Conditions of practical testing in the contractor's yard— Methods of measuring 
deformaUon aiid settlement — Remarks on cottering up — Setting out of roof 
prindpalB — Scribing fioor. 

It is impossible, within the limits of a single chapter in a 
collection of " Notes " such as the present, adequately to deal even 
with the main features of roof construction in mild steel or iron. 

All that the writer can hope to accomplish is to offer such 
suggestive remarks on the subject as may assist the student to a 
fuller consideration of this branch of practical construction, and 
lead him to a careful study of the numerous existing examples. 

It will be assumed that the student has made himself 
acquainted with the usually accepted theories as to wind pressure, 
and the conditions of loading of a roof truss arising from dead load 
of structure, weight of snow, and wind pressure, whether the 
latter be considered as acting vertically, normal to the slope of 
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the roof, horizontally, equally or unequally distributed ; and that 
he is acquainted ^th the usual methods of calculations of stresses, 
such as graphic analysis and the method of sections. 

Nor can the extensive subject of the nature and properties 
of the various kinds of roof coverings, such as slate, tiling, glass, 
zinc, copper, lead, corrugated iron, felt, and the like, be considered, 
except so far as they may influence the arrangement and detail 
of the metallic structure which is designed to support them.^ 

The history of the development of roof construction £rom its 
earlier forms in timber, and through the further stages of cast iron, 
wrought iron, with various cast-iron details, then wrought iron 
practically alone, wrought iron with steel tie-bars, and lastly, 
as at the present time, in mild steel, with occasionally some 
admixture in detail of the other two metals, would doubdess be 
both interesting and instructive, but practical consideration can 
only here be given to the final stage of mild steel. 

Boof principals may be roughly divided into four main 
divisions, viz. : — 

(a) Principals with straight upper rafters, of varying degrees 

of pitch. 
(6) Principals with curved or polygonal upper rafters, 
(c) Principals of special constructions, including the arch, arch 
with one, two, or three hinges, or of the " sickle " type 
indicated in Fig. 345, usually employed only in large 
spans. 
{d) To the above may be added another class sometimes 
employed in covering large areas, in which lattice 
girders with parallel booms, and sometimes of large 
span, are placed side by side, and roofed over with 
intermediate principals, usually of the first tjrpe de- 
scribed above, but occasionally of a special class. In 
this class the upper boom of the main lattice girder 
supports a valley gutter for its entire length, or a series 
of ridges and valleys is arranged to cover the inter- 
mediate space. 
A further subdivision may also be taken to include a type of 
roof covering where the conditions require a cantilever method 
of construction, such as large verandahs, or the form frequently 

^ The student will find valuable aaButanoe in the sabjeots of roofing mateiiab 
in Vol. I. and in the Galcnlation of Streaseg and the Theory of Boof Loading in 
Vol. IV. of '* Notes on BuUding Oonatruction." 
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met with in railway station platforms, where the position of the 
supporting columns at some distance from the edge of the plat- 
form necessitates the continuation of the roof truss in the form 
of a cantilever. In all such cases the deflection of the cantilever 
portion must be carefully borne in mind, in order that the con- 
struction, guttering, etc., at the eaves may maintain their true 
and horizontal lines. 

Another arrangement of roof principals has been suggested, 
dividing them into two classes, intended to cover all roof structures, 
namely, the one in which the reactions of the supports of the prin- 
cipal are in a vertical direction, and the other in which the reactions 
are at an angle with the vertical, the first class being self-contained 
without horizontal thrust, the second those with a horizontal 
thrust, and dependent upon the resistance of the abutments for 
their stability. 

This distinction would, however, appear to fail unless the 
loading of the principal is purely vertical in both classes. Where 
the assumptions as to wind pressure include a horizontal com- 
ponent, as in the case of wind pressure taken normal to the 
slope of the roof, other considerations present themselves, and 
the reactions of one or both supports, even in self-contained 
structures^ must contribute a corresponding and opposing force. 

Boof principals of the class (a) or (&) present three main 
features in their design, viz, : — 

The upper or compressive member, usually denominated the 
principal rafter, either straight, curved, or polygonal, as the 
case may be. 

The lower or tension member, denominated the main tie, or, 
in timber roofs, the tie beam. 

The intermediate bracing of struts and ties, fulfilling similar 
functions to those of the web of lattice girders. 

The upper or compressiye member, or principal rafter, will 
have its scantlings determined in the first instance by the laws 
governing the strength of long columns or struts, the length of 
the column under consideration being determined in a vertical 
plane by the distance between the apices or points of junction 
of the intermediate bracings. In a longitudinal direction, however, 
the column will be free to deflect laterally between the points of 
support of the purlins, assuming the latter to offer a sufficient 
resistance to lateral flexure of the principal as a whole ; but, as 
remarked further on, roof principals in course of erection or 
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testing are, in the temporary absence of purlins or roof coverings^ 
somewhat flexible in a plane at right angles to their elevations, 
owing to the smallness of their dimensions in that plane as 
compared with their span. Secority in this respect is obtained 
by a properly designed system of what is called wind bracing, 
being an arrangement of diagonal braces from the heel or shoe 
of one principal to the ridge or summit of another, whereby 
the possibility of the overturning of a series of roof principals 
like a pack of cards is obviated. Where the length of roof is 
not great, and the roof is enclosed between stout gable walls at 
the ends, or is hipped, the addition of wind bracing is not so 
imperative. 

It will be found, however, in practical design, that the 
scantlings of the principal rafter wiU be ruled by otiier 
considerations than those of columns or strut area alone, even 
if the compressive stresses be purely axial, in the direction of 
the length of the column. If, on the other hand, the column 
is subjected to transverse stress arising from the position of the 
purlin not being precisely over the junction of a brace, a con- 
dition which will frequently arise in roofs of small span, then 
the stresses arising from the bending moments must be con- 
sidered in connection with those arising from purely compressive 
stress, and the area or moment of inertia of the section increased 
accordingly. 

The construction of skylights or ventilating lanterns with 
standards attached to the principal rafters, examples of which will 
be given later on, will frequently influence the choice of section, 
and impose a minimum dimension in order that the bolted Or 
riveted attachments may be properly made. Thus, for example, 
a tee-steel section for the principal rafter may be selected, giving 
a sufficiency of area for the calculated stresses, but the top table 
of which may be too narrow to receive the bolts required to 
connect a cast-iron louvre standard of the type shown in Fig. 265. 

Or again, the section may not be suitable to properly arrange 
the details required at the connection of the rafters at the apex of 
the principal 

Mistakes in points of detail such as these (upon which much 
of the success in design depends) will be usually avoided if the 
student is careful to draw each detail in cross-section as well as in 

elevation. 

The details of connection of the purlins with the principal 
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rafter must also be considered and allowed for. Where wind 
bracing is adopted, the scantlings required for connection to the 
top table or web of the rafter must be remembered. 

The sections commonly used in the construction of the principal 
rafter are various, and adapted to the span, distance apart of 
principals, load, and working stress allowed. 

Thus for roofs of small span, and where precise symmetry about 
a central axis is not necessary, a single angle (Fig. 142) may be used. 
For roofs up to about 40 to 50 feet span a single tee section 
(Fig. 147) is commonly adopted. A section of double angles (Fig. 
143) is very convenient for connection, and affords more space for 
bolted or riveted details in the top tables. A built-up tee section 
of plates and angles is convenient for larger spans, as in Fig. 146, 
with the addition of a vertical web plate. 

A section of double channels (Fig. 150) has been used for spans 
of from 90 to 100 feet, while the built-up channel sections shown 
in Fig. 163, with flat bar lattice braciug, have been used in a roof 
of about 120 feet span. Boofs of still larger spans^ up to 200 feet 
or more, have been constructed with principal rafter sections of the 
types shown in Fig. 151, or in Fig. 162, with additional flange 
plates top and bottom. 

The details of the lower or shoe end of the upper rafter are 
variable in character, depending largely on the span of the principal, 
and the scantlings of the main tie. If this latter is of heavy 
section, the connection at the heel of the principal becomes of 
corresponding importance, and demands careful consideration. 

For roofs of moderate span, say up to 60 feet or thereabouts, 
the lower end of the principal rafter terminates in, and is connected 
to, a shoe which forms the seating of the principal upon the wall, 
column, or girder, as the case may be. Formerly this shoe was 
of cast iron of various forms, and some defective details may be 
discovered in those forms of shoe in which the method of connection 
of the main tie involved tension upon certain portions of the cast 
iron. In present-day practice these cast-iron shoes have generally 
been superseded by shoes of a simple form in mild-steel riveted 
work. A few examples of shoes of this type, with their connection 
to the main tie, are shown in Figs. 280, 286 to 293, 298 to 302. 

In roofs of large span the expansion and contraction of the 
structure under changes of temperature have to be provided for 
and in these cases the place of the ordinary shoe is frequently 
taken by a system of rocker plates aad rollers resembling the 

T 
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ordinary expansion apparatus of a girder of lai^ge span, although it 
may be questioned whether such rollers, not easily accessible as a 
rule to inspection, do not frequently become rusted up to an extent 
which interferes with their efficiency. 

The Ham Tie or Lower Tenuon Member. — ^The form of section, 
to be given to this important member of a roof-truss, especially of 
the classes (a) and (h) above alluded to, will largely influence the 
details of connections and the general type of construction, and 
will always be found to demand careful consideration. 

In timber roofs this member takes the form of a simple 
rectangular beam, as the functions of this tie are usually as much 
to resist transverse stress due to the weight of ceiling rafters, or 
possibly of a floor, as to resist in tension the spreading effort of the 
rafters. 

In composite roofs of timber and iron combined the practice 
has usually been to employ wrought-iron tie-rods of circular 
section. 

In wrought-iron roofing for moderate spans, and even up to 
spans of very considerable dimensions, the general practice for 
many years was in favour of the round rod or circular section. 

This form admitted of a nice adjustment of cross-sectional area 
to theoretical requirements, and so far represented an economical 
construction, while the appearance was light, and the nature of the 
material offered no special difficulties or risks in the manufacture 
of eyes and jaws or in the welding processes which usually 
accompany those details, provided only that the smith-work was 
properly and soundly dona 

In many roofs of large span heavy circular rods were used with 
screwed ends and coupled connections, with a view probably of 
avoiding the risks of defective smith*work in such large jaws or 
eyes as the size of section demanded. 

Eecent events have, however, thrown some light upon the 
general policy of providing a single member only to act as the 
main tie in roofs of large span, and it may be doubted whether, in 
view of possible hidden flaws arising from defective smith-work, a 
duplication of this important member in a large roof -truss is not 
desirable. 

Upon the introduction of steel into roof construction some 
attempts were made to utilize the material possessing a high 
tensile resistance, by employing it in the main tie, while constructing 
the remainder of the truss in wrought iron. In the early days 
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of steel construction a harder grade of steel, with higher carbon 
content, was in vogue, and difficulties manifested themselves in the 
smithing of jaws and eyes. In some cases the difficulty was met 
by the use of a ferrule of soft wrought iron being welded on the 
steel rod, and the whole smithed out to the desired form ; while in 
other directions steel tie-roda with plain screwed ends, involving 
no smith-work or welding, were used, the connections being 
of a special character, consisting of coupling boxes designed 
to give the required connections at junctions with intermediate 
braces, etc. 

With the more general use of mild steel of a lower carbon 
content, and more amenable to smith- work, a new set of conditions 
has arisen, and the present-day practice is in favour of the use of 
mild steel throughout the entire truss, with such occasional use of 
cast iron in special details, such as lanterns, skylights, and 
guttering, as is desirable. Some designers, however, prefer, in the 
case of round-rod ties, to use wrought iron, on the ground of greater 
security in the welds, reserving mild steel for the remainder of the 
truss, thus reversing the procedure of an earlier date; but the 
tendency as a rule has been to abandon the circular section, and to 
adopt for moderate spans the flat-bar tie with riveted connections. 

This form of tie is less economical than the circular section, 
inasmuch as a loss of one rivet-hole in the cross-section is involved ; 
the appearance, although not objectionable, is not so light as the 
round rod, but, on the other hand, the method of construction is 
cheap, involving no smith-work, while the riveted connections are 
as a rule of simple type. If the slight increase of weight in the 
flat-bar type is set against the greater economy in manufacture, it 
.is probable that the difference of cost in the two types, flat-bar 
section and circular section, is not very appreciable. 

In roofs of large span, the ordinary suspension-bridge link with 
swelled eyes and pin connection has been employed with good 
results both in wrought iron and steel. 

In this case all the precautions necessary, both as to methods 
of manufacture and in the design of the proper shape of head and 
dimensions of pin connection, are as applicable as in the case of 
suspension-bridge design, or in the lower chords of trussed girders, 
with eye-bar tension members. 

Hitherto we have regarded the main tie as subject to direct 
tension only, and this assumption is probably correct for all roofs 
of large span and of considerable dead load in proportion to any 
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inequality or obliquity of loading or wind pressure which may 
come upon them. Certain cases may, however, arise, especially in 
roofs of small span in very exposed situations, where it is expedient 
to stiffen the main tie as against any small element of compression 
which may arise from an extreme horizontal component of wind 
pressure, or where the roof principal performs the function of a 
strut or tie between the heads of lofty columns, acting as a gauge- 
keeper between the parallel rails of a traveller gantry, or trans- 
mitting a proportion of wind pressure in a lofty building from one 
side to the other. Again, such a stiffening of the main tie may be 
desirable in the case of roof principals spanning the interval 
between lattice roof girders possessing but little transverse stiffness, 
and where a certain amount of stiffness in the tie-rod is desirable 
on general grounds. 

Considerations of this kind will occasionally lead to the adoption 
of angle or tee, or other stiffened section, for the main tie, although, 
of course, the economy of section as for a purely tension member is 
lost, owing to the practical difficulties in connection with end 
connections, which lead to an inequality of tensile stress over the 
entire cross-section. 

It is unnecessary to remark that where a tie is subjected to 
transverse stress, as from supported loads, the weight of a ceiling 
or floor, or the like, then the form of section must be one specially 
adapted to meet these conditions. 

Some examples of the use of the circular section of tie-rod, 
with the details appertaining thereto, are given in Figs. 290 to 295. 

The treatment of llat-bar ties in mUd steel is indicated in 
Figs. 280 to 289, and of the stiffened form of tie in certain cases 
in Figs. 270 to 279. 

The Intermediate Bracing of Struts and Ties. — The design of 
the struts forming portion of the intermediate bracing in trussed 
principals will be governed by the laws of long columns, and they 
will generally be found to be free from the transverse stresses 
which may sometimes affect the sectional area required in the 
main rafters ; but, considered as columns, due allowance must be 
made for the imperfect seating or fixing of the ends of the struts, 
due to the exigencies of design in certain types of construction. 
Where a hona-fide pin end can be obtained at both ends of 
the strut, the strut can then be more certainly classed under 
pin- or round-ended columns, and calculated accordingly. But it 
frequently happens that the line of thrust is, from Uie nature 
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of the connections, not axial, and the loss in strength should 
be allowed for accordingly. 

These considerations lead to the adoption of a low working 
resistance^ or of a laxge factor of safety, if the strength of the strut 
is calculated from the usual formulae. 

The variation of stress in the bracing caused by unequal 
loading will, of course, have received attention in the preparation 
of the stress diagram. 

The form of section for stmts will vary with the dimensions of 
the principal, and the position occupied in the truss. The section 
may be a simple angle or tee, two tees back to back, kept apart by 
cast-iron distance pieces, and riveted through, two flats treated in 
similar manner (see Fig. 141) ; while a section consisting of four 
angles, arranged as shown in Fig. 144, and kept in position by 
special castings, has been used with success in some of the largest 
examples of the bow-string truss in this country. Tubular struts 
are occasionally used, but require connections at their ends of a 
somewhat special character. The use of cast iron for struts was 
frequent in roofs of old-fashioned design, but has been replaced in 
modem roof-work in wrought iron or steel by the types above 
referred to. 

The ties are usually constracted as pure tension members, and 
may be of any of the sections previously alluded to and used for 
the main tie, as round or flat bars. 

In some cases, however, angles are employed both for struts 
and ties, with riveted connections, and in this way an effective 
and economical truss (economical, that is, in cost of construction) 
is obtained. As all the bracing members are thus capable of 
resisting compressive stresses, the changes of sign in stress in the 
bracing arising from unequal loading are met. 

Purlins. — The arrangement and construction of these important 
members of a roof structure must now be considered, and it will 
be fotmd that the class of roof covering to be adopted will have 
considerable influence on their design. 

Thus, if a covering of slates or tiles be used without boarding 
or battens, the purlins will take the form of angle laths, spaced at 
a distance corresponding with the gauge of the slates or tiles, which 
are wired to them. This is a common form of covering in gas-retort 
houses or similar stmctures. 

Again, if slates, zinc, lead, or copper are laid on boarding, then 
the distance apart of the purlins will be regulated by the maximum 
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span, which can be assigned to the boarding, allowing for dead and 
live loads, and with a proper amount of siiffness, or absence of 
undne deflection. Or if zinc be laid with Italian corrugations upon 
wood rafters, then the maximum span allowable for the rafters will 
determine the pitch of the purlins ; while if one or other of the 
numerous patent forms of glazing be adopted, it will be found 
necessary to accommodate the spacing of tlie purlins to the details 
of the system employed, including also oonsideration of the 
maximum length of sheet-glass to be used, and the allowable 
span of the sash-bars. 

A similar condition will be found to prevail when zinc is laid 
on boarding with drips, and the length from drip to drip will be 
ruled by the standard length of zinc sheet to be used, allowance 
being made for the length of sheet taken up in forming the diip, 
tucks, overlaps^ etc. 

Generally, conditions such as those outlined above will govern 
the pitch and setting out of the purlins, and following thereon the 
arrangement of the bays of intermediate bracing, and the sub- 
division of the main rafter. 

The details and sections of the purlins themselves will be 
dependent upon the load to be carried, and their span, that is, 
the distance apart of the main trusses. This latter dimension 
usually varies with the span of the roof, although in many cases 
other considerations may govern the distance apart of main 
principals, such as the distance apart of column foundations 
(when ruled by local circumstances), the arrangement of the piers 
in supporting waUs, and the like. Thus, for spans up to, say, 40 
feet, a very usual distance centres of principals is from 6 to 10 
feet. Principals of spans of 100 to 200 feet are commonly spaced 
25 to 35 feet apart, while trusses of such exceptional spans as 300 
feet or upwards may be from 50 to 70 feet apart. 

The purlins in structures of such dimensions as the latter are 
lattice girders, of considerable depth and weight ; those of, say, 25 
to 35 feet in span may consist of trussed angles or tees, or occa- 
sionally rolled joists^ while those of 6 to 10 feet span are usually 
either single angles, tees, channels, or rolled joists of light section. 
Where the main principals or trusses are as much as 25 feet 
apart, intermediate rafters resting upon the purlins are frequently 
adopted, thus subdividing the spaces to be covered, and resulting 
in a span which can be met by one or other of the roof coverings 
above referred to. 
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Purlins of considerable span, such as 25 feet, when consisting 
of braced beams or lattice girders, and arranged so that the plane 
of the web of the girder is normal to the slope of the main rafter, 
which is frequently the case, are subject to a twisting moment, 
due to their centre of gravity having a lever arm about the point 
of support, which should not be overlooked. 

This consideration points to the desirability of so arranging for 
heavy purlins that their webs lie in a vertical plane, and this will 
usually lead to the adoption of vertical members in the system of 
intermediate bracing in the main truss. 

Such vertical members are also useful in the case of hipped 
roofs, and simplify attachments. 

Such considerations will, however, only apply in the case of 
purlins of considerable span and weight. 

Boofing Acoessories — The collection and diiipoial of Bain-water 
or Melted Snow — Skylights and Ventilators. — The arrangement of 
the general scheme of roof drainage, and of the principal and 
secondary gutters, with their cesspools and downpipes or spouts, 
should always receive the very careful attention of the designer. 

The material used most frequently for roof guttering and rain- 
water pipes in iron constructions is cast iron, although occasionally 
riveted steel gutters are used in special situations. In timber 
roofing for ordinary building construction, timber guttering, lined 
with lead or zinc, is commonly used, but to this latter form of 
construction further attention need not here be given.^ 

The disposal of rain-water, and the necessary dimensions to be 
given to gutters and down-spouts for the safe drainage of any given 
area of roof, constitute an important branch of the science of applied 
hydraulics, combined with due consideration of the meteorological 
conditions of the site as regards the maximum rainfall to be provided 
for, especially if the roof is to be designed for tropical climates, 
where excessive rainfaUs, occurring over greater or lesser periods of 
time, are to be anticipated, and must be duly and efficiently met, 
with a sufficient margin of safety against overflow and flooding. 

The purely hydraulic questions connected with the flow of water 
in channels, and through orifices which have to work under the 
widely varying conditions met with in practice, cannot here be 
dealt with, and it is probable that much of the design of this 
important branch of roof construction has been carried on by 
empirical, or more or less rule-of-thumb, methods, based, no 

> See ''Notes on Building GonBtruotion," toI. i. 
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doubt, oil practical experience, but with wliich the ordinarily 
accepted rules and formulse of applied hydraulics have had 
little to do. 

Experimental evidence on many points connected \nth the 
design of guttering, cesspools, and drainpipes is, so far as the writer 
is aware, to some extent lacking, and it is much to be desired that 
correct information on these subjects should be extended. 

The figures detailed in Table 35, and showing the average 
results of a considerable number of careful experiments on the rate 
of discharge of guttering, cesspools, and downpipes of a certain type 
of design, are therefore presented as a small contribution to the 
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general subject, and are, of course, applicable only to the precise 
details described. They may serve perhaps to bring out some of 
the conditions with respect to flow and discharge which are to be 
met with in practice. 

The gutter experimented upon is shown in Fig. 247, the 
flanged joints being partly internal and partly external, as shown 
in Kg. 248. 

A similar section of gutter is shown in Fig. 250 with flanges 
wholly on the outside, as shown in Fig. 251. These flanges are 
machined, bolted, and made watertight with rust cement, the section 
of joint being of similar type to that in Fig. 257. 
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The connection of the normal run of gutter, with its cesspool, 
which occurs at a stopped end, is shown in Figs. 246 to 249. 




SIDE ELEVATION. 

Fras. 248, 249. 
SoaI« 1 ineb = 1 Coot. 

Fjg. 246 is a section on AB, and Fig. 247 a section on CD in 
Fig. 248. 

It will be observed that the outlet and downpipe are arranged 
out of centre of the gutter, in order to clear the supporting lattice 
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girder below, and the detail illustrates one of those practical con- 
ditions in the design of gatterwork to which purely hydraulic con- 
siderations have occasionally in some degree to give way. Fig. 248 
is a plan, and Fig. 249 an elevation of the cesspool. 

The actual section of valley gutter, with its cesspool and down- 
pipe forming one complete bay of roof drainage, was tested in 
position in the roof with the results detailed in the following table, 
the gutter being filled successively to the depths shown, and the 
contents allowed to discharge themselves freely through the 
apertures shown in the figures by the removal of suitably arranged 
plugs or valves. 



TABLE No. 35. 

Table showing the Besults of Experiments to asgebtain the 
Rate of Discharge of Rain-water from the Gutter, 
Cesspool, and Downpipe shown in Figs. 246 to 249. 



iDtcmal 

dUmeter of 

downpipe 

in iDchet. 


Fall in tovel of water 
in gutter. 

6" to 6" 
5" to 4" 
4" to 3" 
3" to 2" 


Conteote discharged 
In cabio inches. 


Obeerred mean 

dnratton of flow 

In seconds. 


Dfacfaargsln 
caMchiches 
per second. 


5 
5 

5 
5 


18,975 
18,975 
18,975 
18,975 


11-5 
26-5 
37-0 
66-5 


1650-0 
71G-0 
512-8 
285-3 


5 


6" to 2" 


75,900 


141-5 


536-4 



The vertical length of downpipe attached to the cesspool in the 
above experiments was about 31 feet 6 inches to the junction with 
the rain-water drain, and was 5 inches internal diameter through- 
out. The necessities of design in arranging for the reception and 
attachment of the downpipe to a column of lattice construction, 
and in the passing of roof and traveller girders, gave rise to about 
5 bends of 45 degrees each, so that the discharge was subject to 
conditions not more favourable than those usually found in practice. 

The rapid decrease in discharge with the decrease of head over 
the mouth of the cesspool and downpipe will be observed, and the 
rate of decrease is greater than that due to theoretic loss of velocity 
following on loss of head. Probably the special conditions induced 
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by the shape and dimensioiis of cesspool, the ratio of the area of 
the downpipe to the area of cesspool, and the inability of the 
volume and height of water contained in the cesspool over the 
mouth of the downpipe to maintain the latter in the condition of 
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" full flow/' are sufficient to account for the comparatively small 
discharge at low heads. 

But these are conditions common in greater or less degree to 
most details of guttering and rain-water disposal, hence the value 
of practical experiment in cases such as the above — ^and a wide 
field is open for the student in the carrying out and cmalysis of 
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experiments similar in kind, but covering a wider range of in- 
vestigation into the influence of cross-section of gutter, the best 
form, of cesspool, and the precise value of discharging power of 
vcu'ying diameters of downpipe. 
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The arrangement indicated in the figures and experimented 
upon as described above, was intended for use in buildings of 
largo area, with numerous valley gutters, and if an attempt were 
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made to deduce from tbc above figures the maximum area of xoof 
surface which could safely be drained by such an arrangement 
of gutter, cesspool, and downpipe, the calculation would include 
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the following considerations. Assuming that no accidental 
obstruction occurs in the gutter or downpipe, such as collections 
of leaves, mud, etc, it will be desirable that the surface of water 
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in the gutter shall never, during the period of heaviest rainfdl, be 
allowed to stand higher than will give a certain margin of safety 
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to prevent overflow and flooding, especially in those cases where 
such an occurrence would be attended with serious annoyance and 
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discomfort. In estimating this margin, it will be necessary to 
remember that the surface of water in the gutter flowing towards 
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the cesspool or oatlet will Dot be level, bnt will as same an 
hydraulic gradient In the experiments abore described, and 
with the section of gutter shown in the figures, this gradient was 
found to be, in a length of about 106 feet, in the ratio of about 
1 in 600. 

Allowing, then, for this gradient, and determining the desii'able 
amount of margin below the lip of the gutter at the highest end 
of the flow, we can deduce the approximate head which will be 
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available at the cesspool, and the corresponding dischai^, which, 
as we have seen, will rapidly decrease with a diminishing bead. 
The amount of discharge which can be relied on under these 
conditions can then be equated with the maximum rainfall per 
hour, or some still shorter period, and the area of roof which 
can be safely drained under the conditions assumed can thns be 
ascertained. 

In the example quoted the actual area of roof drained was 
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about 4945 sqtiare feet to one 5-iiich downpipe, aud it is calculated 
that, assuming a maximum and exceptional storm rainfall of aboat 
2^ inches per hour, ttie highest level of water in the gutter would 
be about 3 inches below the edge, giving a margin of safety of 3 
inches before the gutter brimmed over, thereby afibrding a possible 
increase of head under emei^encies which would, from the experi- 
ments, be attended by a rapid increase in rate of discharge. 
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The above remarks apply to gutters of a constant section laid, 
as they frequently are, for simplicity of construction in details, 
dead level from end to cesspool. Gutters laid with drips and of 
varying cross-section fall under a different category. 

Various forms of gutter with their attachments, both valley, 
eaves, and wall gutters, are illustrated in the figures which follow, 
but no attempt has been made in these notes to illustrate the 
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numerouB types of ornamental caet-inm guttering for architectural 
purposes vbich are to be found elaborately illostratdd in the 
catalogues of art ironfounders, and many of which exhibit much 
beauty of design. The examples here given are purely atili- 
torian, and are such as would be found in stores, warehouses, 
station-roofs, and the like. 

An eaves or fascia gutter with details of attachments and outlets 



Scale ] inoh = 1 foot. 

is shown in Figs. 252 to 256 inclusive. Another type of vaUey 
gutter is shown in Figs. 251 and 258. A wall gutter is shown 
in Figs. 259 and 274, while in Fig. 272 is shown a wall gutter 
associated with a cast-iron tank forming portion of a roof covering, 
and further alluded to in Chapter III., p> 172. 
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In long straight stretches of guttering, expansion joints should 
be introduced, and to avoid the difficulty of making such a joint 
thoroughly watertight, the expedient is frequently adopted of 
making the necessary provision for expansion by leaving a space 
between two stopped ends of gutter as shown in Fig. 260, and 
roofing over the space so left either with a lead capping as in Mg. 
260, or by a cast-iron capping or saddle piece. 
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Such Stopped ends must be considered as the summit levels, or 
parting of the waters, in the general system of drainage, and the 
down-spouts must be arranged accordingly. 

Lanterns, Skylights, and Ventilators. — These are of very various 
types of construction, and may be used either for lighting or 
ventilation, or both combined. When used for lighting, the sashes 

u 
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may be arranged on the sides of tlie loDtems either as 6xed sashes, 
or made to open on hinges or centres ; or, on the other hand, the 
roof of the lantern may itself be glased, forming a fixed hght. 
Ventilating lantenis may be constmcted either with fixed 
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louvre blades, or vith an arrangement of blades made to turn 
upon a centre, with a common gearing, enabling the ventilation 
openings to be opened or closed, or placed partially open at 
discretion. Glazed sashes or solid panels hung on centres will 
also effect the same purpose of ventilation, while in lanterns with 
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fixed louvres at the sides, an additional subsidiary ridge ventilator, 
with fixed opening, is frequently added. 
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Id boildings of a superior clasa, a type of veiitalation ia required 
which ahall be reliably weathertight, and this conditiou is usually 
met by the conBtmction of sashes in superior joiner's work, with 
weather bars, grooved sills, or other devices for the proper exclusion 
of wind and water. 




These forms of construction cannot here be further alluded to, 
but some attention may conveniently be given to a class of 
ventilating lantern frequently met with in the roofs of machine 
shops, boiler shops, engine houses, factories, and the like, where 
ventilation ia essential, and where a form of coostractiim may be 
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adopted which, if not absolately weatherproof, is admissible under 
the circumstances. 




Ventilating lanterns of this type are shown in Figs. 271 and 
281, of the same form of constmction but of different pitches. 
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Both lanterns have fixed louvres at the sides, a glazed roof, and a 
subsidiary ridge ventilator. 
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'^ The structure of the lantern consists of two sides and one centre 
standard of cast iron, the side standards being arranged to receive 
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three or four rows of galvanized mild steel or wrought iron louvre 
blades, together with a apecial caat-iron sill piece fonning the 
lowermost member of the louvre system, and throwing off the 
drippinga of the louvre blades on to the main roof covering below. 




which in the Sgnres shown is of zinc on boarding and rolls. The 
ridge ventilator is iramed in timber as shown, and covered with 



Side elevatioDS of the side standards are shown in Figs. 261 
{four blades), and also in Fig. 262 (three blades). Side elevations 
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of tlie ceotre Btondard are ahown in Figs. 263, 264 ; the former 
sbowiog details of glazed lantern roof with wood sash bars ; the 
latter, details of a lantern roof of zinc on boardiag. 
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Fig. 265 is an eiilat^«d detail of the side standard shown in Fig. 
262, the blades being lemoved, and Fig. 266 is a front elevation, 
showing the provision made for the reception of the cast-iron sill 
piece mentioned above, and which is intended to catch any rain- 
water which may creep down between the ends of the louvre blades 
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and the faces of the standard, and throw it off on to the roof 
covering below. Fig. 267 shows a sill piece in elevation. 

The ventilating lonvres above referred to are of the fixed type, 
incapable of being closed, and the slope, dimensions, and overlap 
of the louvre blades have therefore to be so arranged as to give 
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the greatest possible amount of watertigbtness, while preserving a 
free entrance and exit of air for ventilating purposes. 

A large scale detail of the blades and their attachment is 
given in Figs. 268 and 269, which show the means adopted to 

J)etciit aI>A . 
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secure these requirements, which were successfully attained in the 
cases under description. 

A fair idea of the degree of watertightness obtainable by such 
an arrangement as that shown can be obtained by the construction 
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of a model of two or more rows of the blades in zinc full size. 
Water sprinkled or poured upon the blades will collect in drops 
at the lower edge, and if a drop be subjected to a powerful current 
of air, as, for example, from the nozzle of a pair of bellows, it can 
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be ascertained whether it is possible to blow the drop over the top 
of the next blade below, the experiment forming a rough approxi- 
mation to the condition of rainfall, combined with a horizontal or 
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inclined current of air in a gale of wind blowing across the 
lantern. 

Louvre blades which warp or sag after erection present a very 
unsatisfactory appearance, and, in consequence the distance apart 
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of louvre standards should be regulated so as to give sufficient 
stifihess to the blade, or the cross-section of the blade must be 
so designed as to give the requisite stifihess for the span to be 
adopted. In the cases above described the blades were capable of 
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spanning a distance np to about 7 to 8 feet, but beyond this 
distance an intermediate sapport became desirable. 
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Boof lanterns and ventilators usually occupy exposed positions, 
and all their fastenings and connections shotQd be such as wUl 
afford due security under these conditions. 
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Boofs of fiat pitch are frequently adopted in cases where, for 
architectural reasons, it is desirable that the roof construction 
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should be concealed behind parapet walls or other architectural 
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feature. This condition gives rise to a class of roof truss which 
approximates more to the form of a lattice girder, with sloped 
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upper flange, than to the ordinary fonn of roof principal usually 
classed under that term. 

An example of this type is shown in Fig. 270, which shows a 
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portion of the truss nearest the wall end, the section of the wall 
itself with the parapet being shown, and the architectural features 
of the cornice and string courses being broken off for convenience. 
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Fig. 285. 
Scale l\ inch = 1 foot. 



The roof is of flat pitch, the covering being of 2dnc on. boarding 
laid with drips and falls as shown, and the slope of the upper 
member of the truss arranged to suit. The lower or tension 



y>i CONSTRUCTION IN MILD STEEL. 

member is curved or given a large camber for appearance sake. 
In Fig. 271 the centre portion of the truss ia given, showing the 
lantern and skylight, which is glazed with f-uich roagh rolled 
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plate in wood sash bars, or with one of the numerous forms of 
patent glazing. Ventilatiou ia secured, as in previous examples, 




by galvanized wrought iron or mild steel louvres secured to cast- 
iron standards, with an additional ventilator at the ridge of the 
skylight framed in timber and covered with zinc 
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The end of the trasa opposite the vail reats upoD a riveted 
ateel plate girder canTing & heavy water tank, and the detail of 
attachment to the girder, hither with the aasembl^e at this 



point of the truss, girder, tank, gutter, and roof-covering detail, is 
shown in Fig. 272, with a section^ elevation of the connection of 
bnsB to girder in Fig, 273. 
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The details of the tank, together with the weathertight con- 
nection between the tank and the gutter, are referred to in Chapter 
II[., and shown in the fignres therein described. 
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The detail of the wall end of the trass is shown in Fig. 274, 
with section of the wall gutter, while a aectioQal elevation of the 
end of the truss, showing its seating on the wall, on the line AA, 
Fig. 274, is shown in Fig. 275, 



The upper and lower members of the truss are T steels, and 
the intermediate bracing of angles. The details of connections at 
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the points A, B, C, and D, F^s. 270 and 271, are shown in Figs. 
276, 277, 278, and 279 respectively. 

It will be observed that no joint is shown in the upper member 
at A, or in the lower member ; this course being only permisaible 
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where the span of the truss, or consideratioiis of transport or erection, 
will allow of the truss being sent away and erected in one piece. 
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Details of a roof principal of ordinary pitch, with a covering 
of zinc on boarding, and resting upon walls at both ends, are given 
in Figs. 280 to 289 inclusive. 
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The portion of the principal next l^e vail is shown in Fig. 280, 
while the central portion of the trass, with its lantern and e^ligbt, 
ia shown in Fig. 281. 

This {Mincipal is compoeed of a tee steel top or compression 
member and flat bar tie or teuaioo member, while the bracing 
consiata of tee steel stmts and fiat bar diagonals. 

The details of conneotionB of these members are shown in 
Figs. 282, 283, 284, and 285. 




Fig. 297. 
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The end shoes (in this example of a very simple type) and their 
seatings upon the walln at either end are shown in Figs. 286 and 
287, and also in elevation in Figs. 288 and 289. 

The skylight and ventilator are of a type similar to other 
examples described in this chapter. 

The central cast-iron standard is shown in elevation in Fig. 263, 
and the side standard, carrying the galvanized wrought-iron lonvre 
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blades ia Fig. 261, the detail of the caat-iron sill forming the lower- 
most member of the ventilator, and which forms a drip over the 



junction of the zinc roof covering at this point, being shown in 
Fig. 267. 
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In contradistinction to a principal with flat bar main tie, above 
described, we may now consider an example of the older fashioned 
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type of truss with round rod ties. The variation in modern 
practice from this form of tie has been already discussed in the 
previous paragraphs of this chapter. 

In Fig. 290 we have the side elevation of the shoe of a roof 
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principal of this type, with round rod tie and keyed and cottered 
connections. The shoe in this case rests upon the upper flange 
of a lattice girder, and the plan is shown in Fig. 291, which also 
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gives further details of the key and cotter. ^ The arrangement at 
the wall end of the same principal is shown in Fig. 292. 

The bracing ties being also of round rod section, the details 
of connections become modified accordingly, as compared with a 
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riveted flat bar detail, and are shown in Figs. 294 and 295 ; the 
stmt, being of a form frequently used in small spans of this type, 
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and consisting of a pair of flat bars kept apart by cast-iron distance 
pieces riveted through, is shown in elevation in Fig. 296. 
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The normal section of valley gutter at AB, Fig. 297, partly 
indicated in Fig. 290, iB more fully shown in Fig. 250. The flanged 
connection, made in rust cement and bolted, is shown in elevation 
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in Fig. 251, and the side elevation of the gutter is shown in 
Fig. 297, which shows the position of the flanged joint of the gutter 
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with respect to the principal, the connection being made a few 
inches away from the truss, which simplifies detail and ofiers 
facilities in erection. 
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The detail of flanged connection to the wall gutter is shown in 
Fig. 259. 

The roof principal shown in Kg. 216, in connection with the 
assemblage of columns and traveller girders, etc., there shown, is 
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composed entirely of angle steels, the upper member consisting of 
two angles, the lower or tension member also of two angles and the 
bracings of single angles. The connections are all riveted. 
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The details of this truss are shown in Figs. 298 to 307 inclusive. 

Fig. 298 shows the connection of a pair of principals, supported 
on the upper flange of a lattice girder (shown in detail in Figs. 81 
to 101 inclusiveX with their shoes and the valley gutter resting 
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upon the backs of the principals. The shoe at eaves gutter is 
shown in Fig. 299, in plan in Fig. 300, and in sectional elevation in 
Fig. 301, the general arrangement being indicated in Fig. 302. 
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The detail at apex of principal, showing foot of central cast- 
iron standard, connection of ridge purlin, etc., ib given in Fig. 303. 

The riveted connection of the braces with the upper and lower 
members of the principal is shown in detail in Figs. 304, 305, 306, 
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and 307, Fig. 304 showing the detail of connection of purlin to main 
rafter or upper member of principal. The purlins, which are of 
tee steels, are capped with a timber sill 4J" X 2", to which the 
roof boarding is nailed, and it may here be remarked that where 
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boarding is to be attached to ironwork, two altematives appear to 
present themselves as a general rule — either the ironwork ia 
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punched or drilled for screws to be attached directly to the 
boarding, in which case the pitch of the holee must be such as to 

Plan at X.X. 




agree witli the width of the boards. This latter implies that the 
gauge of both holes and boards must be rigidly maintained, as, if 
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one gains on the other, a screw will fall on a joint of the boards 
sooner or later, which leads to bad work. The maintenance of 
such accuracy becomes difficult in practice, and the other alterna- 
tive method appears the better, being the construction shown in 
the figure, llie timber sill is attached to the top table of the 
purlin by screws at a pitch which need not have greater accuracy 
than such work implies, while the boarding is nailed or screwed 
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down, timber to timber, no particular maintenance of gauge of 
boarding widths being necessary. 

Details of lantern and ventilator standards, with their attach- 
ments to rafters and purlins, and the junction of roof covering 
with ventilator details, are shown in Figs. 262, 264, and 
265, 266. 
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The covering of this roof consists of slates on felt and boarding. 

That class of structure which is represented by a series of 
roof principals supported on rows of vertical columns iuclades 
ft multiplicity of examples applied to very diversified purposes, 
whether the structnre be closed in or left open-sided and open- 
ended. 

In this type of structure vertical loading is usually amply 
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provided for, while the stresses due to horizontal wind pressure 
or the horizontal components of Uiat pressure, are resisted by 
the rows of columns, considered as vertical cantilevers, fixed at 
their bases. 

This fixing of the base, including within that term Uie weight 
of the foundation to which the column is attached, tt^ther with 
the resistance of the attachments, holding-down bolts, or the 
like, frequently determines the ultimate resistance of the whole 



ROOF CONSTRUCTION IN MILD STEEL AND IRON. 319 

strocture to overturning, and iustanoes are not wonting where foilure 
has occurred, iioder exceptional wind preaaures, by reason of the 
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overturning or pulling out of the ground of the foundation blocks 
to which the vertical standaids or columns were attached. 
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Considerations of this kind may occasionally lead to the 
employment in certain cases and in exposed situations of the types 
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of roof principals represented in Fig. 308, wbere the roof principal 
is combined with the supporting columns in such a manner that 
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tiie entire structure becomes virtoally a rigid ^^hole, capable of 
resisting satisfactorily the maximuoi horizontal wind pressures to 
which it can be exposed. 

This type has been successfully employed in numerous 
instances, raiding up to considerable spans. While not so well 
adapted to the reception of traveller girders or other lifting 
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appliances as other types, it is very suitable for such structures 
as drill halls, concert halls, markets, and the like, the internal 
appearance of the curved ribs being satisfactory, if left exposed, or 
if ceiled the curvature of the lower members can be adjusted to 
the desired amount. 

The calculation of stresses due to combination of horizontal 
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and vertical loads can be eaail; made by tbe usual methods of 
graphic analysiB or by the method of sections, and it viU be 
usually found that the weight required in foundation blocks is 
but slight, and the cost of foundations, in ordinary soils, will 
thereby be decreased. 

The example here given is only of v^y moderate spau, 35 feet, 
but the details will be treated somewhat fully, as aSbrding guidance 
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to the student in the design of a useful class of structure. As the 
purpose to which the building was applied did not require any 
enclosing walls, the sides and ends were left open, and as no roof 
lights or ventilators were consequently required, the roof covering 
details were of a very simple nature. 

In Fig. 309, a pair of such structures is shown set back to 
back, forming a shed 70 feet wide in two spans. 
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The method of securing the bases of the standards in their 
foundation blocks of concrete is shown in Figs. 310 and 311, in 
front and side elevation. To protect the standards from the blows 
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of wheels of passing traffic, to which they are exposed, limestone 
curbs are placed, encircling the standards as shown in Figs. 310 
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and 311, and in half plan in Fig. 312. The base of the standards 
is not provided with holding-down bolts in this case, as it is not 
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capable of drawing out of the concrete block in which it is 
embedded, by reason of its shape. A sofficient thickness of 
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concrete is left under the base to provide for vertical loading, to 
suit the conditions of soil on which the building ia coastruct«d. 
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A Bimilar foundation with limestone curb ia shown, for the 
centre column of the double shed shown in Fig. 309, in Fig. 313. 
A sectional plan on line XX is shown in Fig. 314. 

The upper and lower members of the roof truss are each 
formed of a pair of angle steels, spaced sufficiently far apart to 
admit the sketch plates which form the bracing connections. The 
objections to this form of construction from the point of view 
of the paint brush are pointed out in Chapter YII., but the 
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convenience and fitness of the arrangement in other respects is 
shown by the details of connections which follow. 

Figs. 315 to 324 inclusive are details of the connections of 
the various points of junctions lettered in the figures, the same 
lettering being employed in Fig. 309. 

Fig. 325 shows the detail of connections at the valley in the 
case of the pair of trusses placed back to back in Fig. 309. 

It will be observed that a system of vertical members is 
introduced in the secondary bracing which affords facilities for 
the attachments of the struts to purlins. The purlins throughout 
the roof are of simple angle steel, but strutted in the manner 
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shown ia Fige. 326 and 327, the principals being 17 feet 3 inches 
apart centres. 

Kga. 328 to 332 show the details of connections of the struts 
to the vertical members of the trasa and to the angles forming the 
purlin bars, while the details at joints of purlin bars and their 



connection to the upper member of the truss are shown in F^s. 
333, 334. 

Figs. 335, 336 show the connection of end of purlin bar to 
end principal, and also the details of the bai^ge-boord arrange- 
ment over end gable, with connection between the corrugated iron 
roof covering and lead flaahing over barge-board. 

The caps or heads of the standards at the roof eaves are all 
connected longitudinally by lattice girders 14 inches deep, carrying 
the eaves gutter as shown in Fig. 337, while the detail of the 
head of the standard prepared to receive the lattice girder is shown 
in Fig. 338. 
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Similar details for the ceotial lattice girder at the valley of 
the double shed shown in Fig. 309 are shown in Figa. 339 and 340, 
Fig. 340 beiog a section on the line WW shown in Fig. 325. 
Further details of the fascia and central girders are given in 
Figs. 341, 342. 

A general cross-aection of lattice fascia girder with eaves 
gutter resting upon it, and lowermost purlin bar, is given in Fig. 
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343, further details of eavea gutter and connections to lattice 
girder being shown in Figs. 252, 253. 

The connections of eaves gutter to rain-water down-spout, and 
the mode of connection of the latter to framework of truss, are 
shown in Figs. 254 and 255. 

Details of expansion joints, stopped ends, etc., of gutters are 
given in Figa. 256 to 260. 

The detail of joint in valley gutter for double shed is shown 
in Fig, 257, while the method of attachment of valley gutter to 
the central lattice girder which carries it is shown in Fig. 258. 

To ensure longitudinal stability in the entire length of shedding, 
certain bays were fumished with diagonal bracing (cruciform in 
arrangement) extending from the foot of one standard to the cap 
of the next. The attachment of bracii^ to the foot of a standard 
is shown in Fig. 344, and that to a cap of a standard in Fig. 326. 



ROOF CONSTRUCTION IN MILD STEEL AND IRON. 331 

The covering of the roof was of galvanized corrugated 
sheet iron, attached to the purlin bars with hook bolts in the 
usual way. 

The type above described is of course equally applicable to 
sheds with closed sides and ends, while provision can be made 
if required for skylights, ventilators, or roof glazing by the 
necessary modifications in detail of purlins, and attachments of 
skylight standards, etc., to the upper member of the truss. 

The Testing of Boof Principals, Girders, or other Structural 
Work in the Contraetor's Yard. — It is not unfrequently stipulated 
in a specification for roof work that one or more bays of roofing 

Fio. 841. 
Soale 1 inch = 1 foot. 
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erected complete, as far as the ironwork is concerned, but without 
the roof covering, shall be tested in the contractor's yard prior to 
taking down and erection on the site, with such dead loads as 
shall represent those conditions of wind pressure or weight of 
snow which the roof principal has been designed to meet. 

The loading is frequently adjusted so as to represent either an 
equal or unequal distribution of wind pressure, and is usually 
made up by a sufl&cient number of such sections of steel or iron 
bars as may be handily available for the purpose, laid across from 
principal to principal; or, it may be, in the case of lofty roof 
principals of large span, by pig-iron suspended by straps from 
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thooe pointB of the main rafter where the load arisii^ from the 
purlins woold occur in practice. 

Where, as ia osaally the case, the actual roof covering is not 
preaeut, then of contae the weight per foot snper of the corering 
must he allowed fw, and added to the load representing wind 



It ia CDstomajy, in the coarse of such a testing of the strei^th 
and BtifhtoM of a roof principal, to ascertain the actoat amount of 
deformation at deflection which (he framed structure undergoes. 



— Section A-B .— 

Fie. S43. 
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and it may not nnfrequently he the duty of the designing 
draughtsman to supervise the operation of testing, and to adopt 
such methods of practical measurement as will show such 
deformation or deflection. Such opportunities of witnessing 
the behaTiour of any framed stracture under conditions of actual 
loading should always be welcomed and made the most of by the 
student, who will find in them at all times instruction and 
interest, while possibly some disturbing thoughts on the accuracy 
of the results of his stress diagram may arise, if, for example, he 
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finds occasionally certain tension members manifesting a distinct 
inclination to beliaye as struts. 

The conditions of practical testing of a roof principal or girder 
in the contractor's yard will, as a rale, be found to include, first, a 
more or less loosely adjusted platform of balks or sleepers upon 
which the steel work is erected, and forming the supports or 
abutments ; and, secondly, a foundation stratum of the loose ashes 
so frequently forming the surface of an erecting yard, and which 
is to a laige extent compressible and yielding. 
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These two conditions taken together imply an amount of settle- 
ment of the supports which may possibly exceed in value the 
amount of deflection or deformation proper to the structure itself, 
and which is the result of the bending moments due to the loading. 
It follows therefore that vertical settlement of the temporary 
supports due to compression of loosely packed timber or soft soil, 
or both together, must not be mixed up with the measurements 
of the actual deflection of the structure itself due to span and 
loading, otherwise the results will be of little value. 
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There are various methods by which this little difficulty may 
be overcome, and the actual deformation of the structure ascertained. 
One of those very commonly adopted is to stretch a string or wire 
from end to end of the principal or girder, to serve as a datum 
from which careful measurements may be taken to the point or 
points at which the deformation of the structure is to be ascertained. 
If pegs (not liable to disturbance) are firmly driven into the groimd 
on the line of the stretched string or wire, and the line of string 
marked thereon before and after loading, the total settlement can 
be ascertained. 

Long strings or wires are, however, apt to be troublesome in wet 
and windy weather ; and in certedn classes of structures, such, for 
example, as the bow-string or sickle type of roof principal shown in 
Fig. 345, a better result may be obtained by the use of the ordinary 
spirit-level and staff, readings being taken at all convenient points, 
including, of course, the levels of the abutments or supports, before 
and after loading. A bench mark not Uable to disturbance should 
be selected for reference and check. Where it is desired to 
ascertain the deflections of the upper member of the roof truss at 
points inaccessible to the staff, suspended wooden rods, slung from 
the points referred to, may be used, the intersection of the cross 
wires of the level being marked upon the rods before loading. 

The whole series of levels being reduced to a common datum, 
and the settlement of the entire structure (as apart from the 
deflections due to bending moments) being ascertained, the actual 
deformations can be calculated, as though the structure had been 
placed upon an unyielding foundation. 

Boof principals of considerable span show a tendency to stretch, 
due to elongation of the main tie, and this small increase of span 
should be watched and measured. 

If the centre lines of main tie and principal rafter do not 
coincide at the shoe, but at some point outside it, certain other 
indications of strain will possibly become apparent, of which the 
student should take note. 

The amount of actual load to be piled upon the rafters of a 
roof principal, of any considerable span, to represent an assumed 
wind pressure of, say, 40 to 50 pounds per square foot of surface, 
is very considerable, and in cases where only two principals, or 
one bay of roofing is erected, possibly without bracing, care should 
always be taken to avoid any risk of failure by lateral flexure 
of the principals, a type of collapse to which principals are 



ROOF CONSTRUCTION IN MILD STEEL AND IRON 335 

particularly exposed, and which has led to sometimes disastrous 
failures in course of erection. 

This can be obviated by sufficient lateral strutting, but such 
support should be so arranged as not to carry any component of 
vertical test loading to the relief of the principal, but only to act 
as a safeguard against lateral flexure. 

In connection with the subject of the behaviour of principals 
under test load^ some consideration may here be given to the 
disputed question as to how far keys and cotters, or screwed 
connections, are advantageous or otherwise to the braced structure. 

Custom has, to a large extent, sanctioned the employment of 
keys, cotters, or coupling screws in the main ties of roof principals 
of all spans, apparently with the idea that such adjustments are 
desirable or necessary in the final regulation of the exact span 
between end connections or shoes. 

It is perhaps doubtful whether the ordinary methods of careful 
setting out and good templet work do not, in the yard, secure an 
amount of practical accuracy sufiScient for all such requirements, 
when the actual dimensions of the work to which the roof is to 
be attached have been, as they should be, accurately ascertained 
and rigidly adhered to in construction. 

It may again be argued that the use of keys, cotters, or coupling 
screws may lead to considerable modifications in the stresses in 
the members thus connected, when the adjustable connection has 
been used in such a way as to over- or under- strain the members 
affected. 

A case of this kind came under the writer's notice durmc^ the 
testing of a roof principal of the type shown in Kg. 345. Keyed 
and cottered connections were used at the points A, B, C, D E 
F, G, andH. 

Upon the application of the test load, which was suspended 
from the points J, K, L, M, N, 0, P, the results of observation 
showed evident traces of undue stress in the members PB and 
GJ, a considerable proportion of the tensile stress which should 
by theory have passed through the members AB and GH having 
been diverted through PB and GJ, with the result of deformation 
in the top boom at P and J, these bars having to be reset to their 
original curve, while some elongation of rivet holes in connections 
at P and J showed the direction and intensity of stress. 

It was considered these results were probably due to an in- 
u dicious use of the hammer by the workmen employed in erecting 
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the prmoipal, who found the keys and cotters, to their thiuking, 

too loose. 

Incidentally, the result ap- 
peared also to point to the 
desirability, in designing roof 
trusses of this t]rpe, of avoiding 
such an inclination of the end 
braces in relation to the main 
tie as would, by accidental mis- 
fit, lead to serious modification 
of the calculated stresses. 

In concluding this chapter, 
some brief reference may be 
made to the subject of setting- 
out roof principals of consider- 
able span, and for illustration 
the type of truss shown in 
r^. 345, and abready referred 
to, may be taken. 

This truss was used to cover 
an area unequally divided into 
two spans, portion of which 
was rectangular, and the re- 
mainder on a curve. 

The actual distance between 
the seatings of the principals 
on the bed-stone course of the 
main walls of the building was 
ascertained trigonometrically 
by the use of a theodolite hav- 
ing a metal wall-tripod, and 
from a measured base laid out 
on the top of the wall itself. 
By these means the exact value 
of all the varying spans was 
obtained from the masonry 
work as built. 

The upper member of the 
truss was a segment of a circle, 
and the centres of eye-bar pins in the tension member, or main 
tie, were set out also on a circular curve of larger radius. 
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The dividing up of the upper and lower chords having been 
determined^ the exact lengths of the braces were calculated trigone- 
metrically. 

The entire truss was then carefully set out on a wood platform 
or scribing floor, the centres of all geometrical intersections being 
marked by gun-metal wood screws^ having a small conical hole 
drilled in the nick in the centre of the screw head. These screws 
could be set with great accuracy by slight taps of the hammer 
while being screwed in, and were not subject to after-disturbance. 
The points of the trammel bars being adjusted to the conical holes 
in screw heads, the exact dimensions, say centre to centre of eye- 
bar heads, were accurately transferred from the setting-out floor to 
the drilling machine, and the important fiducial points being in 
metal, wear and tear were reduced to a minimum, and mechanical 
accuracy was maintained to the last. 

The mode in which the erected work finally came together was 
proof of the soundness of the methods employed. 

Such a setting-out floor as above described should be under 
cover, as if exposed to the weather the accuracy of the work in 
large structures may suffer, and a straight line drawn obliquely 
across a series of parallel boards with line and pencil one week, 
may the next week exhibit a lamentable falling off from its 
previous accuracy. 



CHAPTER VI. 

THE U8E OF MILD STEEL AND IRON IN MARINE 

ENGINEERING. 

GenenJ reiiuurkg->Deiign of ivoii piers or jettiei-^laaiifloalioii of jetties— -Thon 
whioh are backed up by solid stmoiaie in the reei^-Thoee whioh aie inlftted 
— Typee of design of the seoond cImb— AooeMoriea of jetdee— Expoauie and 
*'fetoh'*— Height of deck— Details of pilework as influenced by conditions of 
soil or sea bottom— Modes of sinking pfles— Difflcnlties as to finished lengths 
and levels of top of piles— Mak»-np lengths— OljectioBS to make-np lengths — 
Sawing off of steel or iion sections — Composite strnotnres of cast iron and 
timber— Example and description — Bollards — Crane roads — ^Floating booms — 
Description of csst-iron cylinder jetty with snperstmctnre of steel girder^ 
work— Cylinder spacing— Main box girders — Cross girders— Details of cylinders 
— Flange joints — Cap— Make-np lengths— Lowermost rings of cylinders — 
Catting edge — Farther adaptations of steelwork in marine engineering works 
— Tie-rods to wharf walls- Accessories to jetties or wharves — BoUards — 
Strength of bollards— Details to salt special cases— Anchorage— Examples— 
Fairleads and capstaos— Position and arrangement— Foandations— Caissons — 
Varied applications of the term— Caissons for dock entrances — ^For fonndations 
— ^For the conunencement or completion of breakwater stractares — ^Practical 
example of a caisson for breakwater constmotion— G^eneral description — Dimen- 
sions—General arrangement — Compartments — Bulkheads — Details of construc- 
tion — ^Valves— Mooring rings— Method of erection and launching— Launching 
ways — Completion after launching- Ballasting — ^Weights— Conditions of 
stability— Composition of ballast— Subseqaent operations— Towing into posi- 
tion — Sinking— Programme for concreting and successive conditions of stability 
—Titan cranes for blockHMtting— Caissons fbr dosing dock entrances — 
General comparison between lock-gates and caissons— Types of caissons- 
Sliding— Floating— Comparison of types— Advantages and disadvantages- 
Functions as a bridge' and as a dam— Watertightness— Design of keels and 
stems — ^Arrangement of sealing timber for floating caissons— For sliding 
caissons— Width of water seal— Details of timber keels and mode of connection, 
etc. — Consideration of pressures, reactions, and general stresses due to water 
pressure — Position of decks and air-chamber — Effects of corrosion and oon- 
siderations of minimum scantlings— Gtoeral description of internal arrange- 
ment of floating caissons— Bilge — Air^shamber — Stability and pendulum — 
Upper and end chambers — Scuttling tanks— Upper deck and top tanks — 
Dangen arising from excess of baoysnoy— Critical conditions — ^Holding- 
down apparatas— Frictional resistance to uplifting— Coefflioient of Friction— 
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GUcolatioii for baoyanoy and weight — ^Bivet hencb— Peroentage to be allowed 
— Weights of immeraed timber — Subsidiary items — Table of the weights of 
zeoently oonstnicted caissons— Ballast and stowage— Ck)mpontion and densi^ 
ties of ballast— Burr ooncrete ballast — General description of sliding oaissons 
— Arrangements of upper deck and camber deck— Sliding ways— Hauling 
mechanism— Additional resistances due to currents or differences in water 
level — Culvert area — Extra sluices— Position of hauling gear — Tilting moments 
— Sledge runners and rollers — Combination of the two types in recent caissons 
— Keels — Boiler paths — BoUers and rams— Mode of operation during inward 
and outward journeys^Details of roller path and roller — Of bydraulic rams 
and mud-scrapers — Handrailing— Hauling chains — Description and manufao- 
tore— Tests— Tables of resalts of tests— Modulus of elasticity of hauling 
chains— Table of the weights of sliding caissons. 

The contents of this chapter are devoted to a brief reference to 
that branch of construction in mild steel or iron which may be 
entitled marine, as it deals with structures (other than ships or 
shipping) which are constructed either in the water, such as jetties 
or piers, or with reference to the requirements of navigation and 
commerce, in docks and dockwork generally, with their accessories, 
such as caissons, lock-gates, bollards, penstocks and the like, 
while an important branch of this subject is occasionally found in 
the application of steelwork to certain structures connected with 
the construction of breakwaters, an example of which will be 
illustrated and described later on. 

The details of design of iron piers or jetties will vary greatly 
with the conditions which such structures are called upon to meet. 

Thus, for wharves constructed for the loading or unloading 
connected with an extensive shipping industry, and alongside 
which ships of deep draught and heavy displacement have to lie, 
will have their details largely determined, amongst other ruling 
considerations, by the amount of resistance to be offered to the 
shock of heavy vessels coming alongside, in addition to the heavy 
strains brought to bear upon the structure through the bollards, 
capstans, or fairleads, by the hawsers used in bringing ships 
alongside, or getting them away. 

In this respect piers or wharves may, for convenience, be 
classed under two heads — those in which the jetty or wharf is 
backed up by a solid structure, such as a whcuf wall or rubble 
mound, and those in which no such supports are found, the 
structure having to resist the shocks or bumps of floating craft 
alongside without the aid of any such accessories, these stresses 
being in the former class transmitted to and absorbed by the solid 
structure in the rear. 



340 CONSTRUCTION IN MILD STEEL. 

It is obvious that iu the second class much more consideration 
will be necessary as to the means by which such stresses are to be 
resisted, and the designer wiU usnaUy find himself caUed upon to 
select either one of two types, that in which the supporting 
columns are numerous, spaced fairly close together, and con- 
nected by numerous braces, both transverse and longitudinal, 
converting the entire structure into what may be termed 
a basket-work of more or less elastic members, tending to 
absorb, by reason of their number and connections, the shocks 
or bumps of craft alongside, or the stresses caused by hawser 
connections. 

The other type is that in which the vertical members are 
spaced further apart, and are of such dimensions and weight as 
may reasonably be expected to resist the shocks they may be 
called upon to endure, assisted by a heavily framed floor, and such 
bracing as it may be practicable to introduce. This type is of 
more rigid and unyielding character, and its individual members 
will probably derive less mutual assistance than the other, and in 
consequence the separate columns must, as before said, be of con- 
siderable weight and solidity. Such a type is commonly associated 
with supporting columns of cast-iron cylinders of considerable 
diameter, and which may at times attain the dimensions of bridge 
piers. 

In either type it will, of course, be necessary to consider not 
only the amount of deck load to be carried, but the numerous 
accessories to be provided for on the deck of every commercial 
wharf or jetty, such as foundations for fixed cranes, the roadways 
for travelling cranes, the attachments of bollards or fairleads, 
while in jetties for the loading or unloading of coal special con- 
sideration will be necessary in the provision of coaling appliances, 
such as hoists, coal tips, coal spouts or hoppers, and the like. 
A raUway system will be found frequently associated with such 
structures, and must be provided for in the design of the deck, 
including possibly framing for turntables, while the necessary 
requirements of electric, hydraulic, compressed air, or steam power 
will each demand separate consideration in connection with the 
conveyance of such power by pipes or cables, in troughs or other- 
wise, from a central station to the points at which the power is to 
be applied. 

Commercial jetties or wharves, of which the general require- 
ments are as above sketched, are usually found in waters more or 
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less sheltered, and the questions of sea-exposure and the '' fetch '' 
and dimensions of waves are of less importance. 

But in the case of jetties or piers on exposed coasts, such as the 
familiar type of the promenade pier at our fashionable watering 
places, conditions other than those above described prevail, and it 
becomes of vital importance to consider the maximum height of 
wave likely to be experienced, and the minimum height above 
high water of spring tides at winch the promenade deck should be 
laid to secure safety from the wrecking and lifting power of the 
crest of the wave, the security of the structure as a whole against 
wave action being derived principally from the small dimension of 
the vertical supports or columns, and the correspondingly small 
resistance offered by them to the advancing wave, a security which, 
however, may become grievously imperilled if the wave bears with 
it anything in the shape of wreckage, floating logs, or the like. 

In such structures, the decking arrangements are of a simple 
character, the purpose of the pier being less commercial, the size 
and weight of the craft alongside being possibly not more than 
that of a loaded excursion steamer, the condition of stress arising 
from shocks or bumps are less severe (except so far as they may 
be affected by sea exposure), although it is customary to relieve 
the slender structure of such piers from this kind of stress by 
providing a totally independent landing jetty, so arranged as to 
take the shock of steamers coming alongside, to the relief of the 
more slender structure behind 

But whatever may be the type of jetty, wharf, or pier to be 
adopted, the details of the supporting piles or columns will always 
be largely influenced by the nature of the strata of the sea-bottom 
into which they are to be driven, screwed, or by other means 
brought down to their foundation level. 

The subject of the measures to be adopted to force down the 
supporting piles or columns of a jetty, or the piers of bridgework, 
and the various precautions to be adopted in meeting all the 
contiugencies arising from very variable qualities of strata, with 
widely differing resistmg and bearing powers, and of varying 
degrees of watertightness, is of far too wide a scope than to be 
more than hinted at here. 

The procedure may include ordinary pile-driving as applied to 
iron piles, the use of screw piles, either with or without the water 
jet, the combination of screws with a serrated cutting edge, the 
forcing down by dead weight loaded up on the top of the pile or 
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cylinder, combined with the removal of the soil inside either by 
means of a " miser " or in larger cylinders by a grab, the use of the 
" disc *' piles with a water jet, — these and other methods, including 
the use in important cases of the compressed air system, will each 
and all take ^eir share in the final results, while the application 
of any one of them will depend in all its details upon the variable 
nature of the local conditions which may have to be met, and in 
relation to which no general law can be laid down as to the best 
system to be adopted in any one particular case. 

Thus, for example, the adoption of the screw-pile system will 
at once bring to the forefront the design of the screw-blade to be 
adopted, its diameter, scantlings, pitch, and methods of attachment 
to the body of the pile. For soft soils, where a considerable 
bearing area of blade is required, the diameter will be of as large 
dimensions as is consistent with safe screwing and handling, 
although in such cases it is very essential that the strength of the 
blade section is sufficient, considered as a cantilever, to prevent its 
breaking off from the body of the pile, or becoming sheared either 
by vertical stress or torsion. 

On the other hand, in certain hard soils the blade diameter 
may have to be reduced to comparatively smaU dimensions in 
order that the laboiu* of screwing may be kept within the bounds 
of what can be practically applied, and that the connections of the 
pile and screwed portion may not be sheared off, as sometimes has 
happened, by excessive torsional stresses. 

In certain cases of exceptionally soft soils it has been found 
necessary to supplement the bearing area of the screw-blade, or the 
frictional resistance of the pile itself, by timber platforms so 
constructed as to distribute the pile load over a considerable area. 

It may not unfrequently be necessary to determine, as the 
work proceeds, experimentally, the best proportion of pitch and 
diameter of blade to suit any given condition, and where this Is 
likely to be the case, the provision of a separate casting for the 
blade, attached to the main body of the pile, but separable from it, 
obviously offers some advantages. 

Cast steel is sometimes used for screw-pile blades. In this 
connection, as in many others, it will not be unwise to remember 
what does and what does not constitute cast steel. 

The combination of the water-jet method, found so successful 
in sandy soils, associated either with the screw or the disc pile, 
will cause a variation in design in the arrangement, diameter, and 
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number of tho jet holes to be provided for, while the attachment 
of the pump hose to the top of the pile will also receive attention. 

As regards the sinking of cylinders of sufficient size for 
workmen inside to handle and remove the excavated material, 
nothing need be said here. The usual methods of applying the 
compressed air system, the use of the air lock, and the arrange- 
ments for the removal of spoil are well known and understood, 
while in certain cases where the soil entered is tenacious and 
impervious to water, the sinking of such cylinders by excavation 
and loading by dead weight can be carried out without the use of 
compressed air, though this system is often preferred, even in such 
cases, as affording a safeguard against '' blows " caused by sudden 
and unexpected changes in the nature of the strata passed through. 

Whatever may be the type of pile or cylinder adopted, whether 
it be a solid steel or wrought-iron column of a few inches diameter, 
or whether it be a cast-iron or riveted cylinder several feet in 
diameter, the difficulty of ensuring that the upper surfaces of a row 
of such piles or cylinders shall be in one true level plane after 
the operations of sinking and testing have been completed, will 
generally present itself for solution. The operation of pile or 
cylinder sinking is not in itself one which affords much room for 
&ie adjustments, while the uncertainties which frequently attend 
the depth to which a pile must be sunk, either in order to reach a 
firm stratum or to afford such f rictional resistances as will carry the 
load in soft soils, will often render the actual depth to be reached 
a doubtful quantity. 

Where the superstructure of a jetty or wharf is of timber, a 
certain amount of cutting or packing to get over smaU differences 
of finished level may be permissible, but where a decking is of the 
more rigid type of riveted steelwork, a higher standard of accuracy 
in level is necessary, and this is frequently attained by the use of 
make-up lengths, the precise dimensions of these lengths being 
obtained from the work itself as soon as the operations of sinking, 
test loadiQg, or concreting have been completed, and the pile or 
cylinder has reached its final depth and level. By this means the 
upper surfaces of piles and cylinders, with the seatings of the 
girderwork which they support, are maintained at their true 
levels. 

An objection which may make itself felt, especially where the 
work is being carried out abroad, lies in the possibility of undue 
delay in the time taken in the transmission home of the necessary 
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dimensions, and in the manufacture and delivery of the special 
lengths of pile or cylinder. As regards certain classes of piles, this 
objection has been met, where the dimensions admit of it, by the 
mechanical sawing off on the spot of the redundant length of piles 
in iron or steel. 

Thus, to take an example, solid mild steel or wtought-iron piles, 
say 6 inches in diameter, in long lengths, arranged for driving 
through more or less compact strata until a hard or rocky bearing 
stratum is reached, are sometimes provided with a pointed end 
formed in steel of somewhat higher temper than the body of the 
pile, though capable of being welded on to the softer material, 
while the provision for cutting off, after driving and test loading, 
may consiBt of a cutting tool arranged to travel circtuuferentiaUy 
round the body of the pile, and driven by worm-gearing, impelled 
either by manual labour or other power. 

Such a tool would, however, in the case of the so-called Phoenix 
column pile (shown in Fig. 174), be less advantageous than some 
form of circular saw, which would first attack the projecting 
flanges before arriving at the body of the metal. 

In short, the cutting-off apparatus must be suited to the form 
of cross-section to be dealt with. 

In the case of large cast-iron cylinders, however, the system of 
making-up lengths appears the only practicable one to adopt. 

An example of a make-up length of this type is given in 
Slgs. 358, 364, and also in Fig. 34. 

Of the many types of jetty construction which might have 
been illustrated, space can only here be found for a few figures 
exemplifying a class of jetty which is composite in construction, 
that is to say, having an ironwork substructure and timber 
superstructure. 

A few illustrations will also be given further on showing 
details of that type of jetty referred to on p. 339, where a rubble 
mound, or a wharf wall, or a combination of both, is faced with 
heavy cast-iron cylinders, spaced a considerable distance apart, 
and carrying a superstructure of riveted steel girders and decking. 

The comparatively short life of timber in sea-water, and its 
exposure to the ravages of the teredo, frequently leads to the 
adoption of composite structures of this class, where the pile work 
is of cast or wrought iron up to and somewhat above low water, 
the remainder of the construction above this level being mainly of 
timber. The latter portion of the jetty, although still exposed to 
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the inevitable decay vhich takes plaoe between " wind asd water," 
is, at all events, accessible for repairs or renewal, the life of the 
iron piles below water-line being assumed to be eonsidei'ably longer 
than that of the superstructure which they support. 

In Fig. 346 is given a cross-section of a jetty belonging to the 
first of those classes discussed on p. 339, being supported in the 
rear by a rubble mound, which may be supposed to resist, or share 
in resisting, the shocks to which the struetuie may be exposed by 
floating craft alongside, and to which mound the jetty forms a 



facing, having a sufficient depth of water alongside for the class of 
vessel for which it is intended. 

The jetty consists of two rows of cast-iron piles, as shown in 
the figure, the outermost sloping fender pile being of timber. The 
distance apart of the rows of piles lengthwise of the jetty is about 
10 feet, while transversely they are pitched as shown in the 
figure. 

The outennost cast-iron pile is 1 foot 6 inches internal 
diameter of l|-inch metal. Two separate systems of joints of the 
pile are adopted, one for joints below the ground line, the other 
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for joints above the ground line and below the level of the caps 
and sockets to receive the timber work. 




FiO. 347. 
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The former joint is shown in Figs. 347 and 348, Fig, 348 being a 
section on line EF in Fig. 347. This method of jointing has been 
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found satisfactory for mud and sand, offering no resistance to the 
sinking of the pile. As shown in the figures, it consists of a 
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welded steel collar ^ inch thick, machined on the internal surface, 
and shrunk on to the machined surfaces of the cast-iron pile, to 
vhich it L9 attached hy 1-inch diameter set screws. 

The details of the joint above ground line are shown in 
Figs. 349 and 350, this being an ordinary flanged joint with 
machined faces and drilled holes for bolts. 
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The detail at the top of the outer cast-iron pile is shown in 
Figs. 351 and 352, This consists of a east-iron cap specially shaped 
to receive the feet of the double timber verticals of the super- 
structure, and socketed into the top of the circular pile below, as 
shown. The timber work is bolted to the caps by IJ-incli bolts, 
holes for which are provided in the castings, as shown. 



348 



CONSTRUCTION IN MILD STEEL. 



The iimer row of cast-iron piles is 12 inches internal diameter, 
of l^inch metal, with joints similar in character to those of the 
outer row, and shown in Figs. 353, 354. 

The caps of these piles are also arranged to receive the single 
timber verticals of the superstructure, as shown in Figs. 355, 356. 

The deck or floor of the jetty is of 4-inch decking laid upon 
14" X 7" joists, these latter resting upon the double timber girders 
shown in Fig. 346, which in their turn are carried by the timber 
verticals socketed into the caps of the cast-iron piles, as above 
described. 

Horizontal and transverse walings, with struts, curbs, and 
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capping pieces, complete the timber superstructure, as shown in 
Fig. 346. 

Cast-iron bollards are attached to the double timber girders, 
and are anchored back to concrete blocks set in the summit of the 
rubble mound by means of long steel straps with keys and cast- 
iron washer plates. 

Where a crane road occurs, steel girders are frequently inserted 
under the decking, to which the rails are connected by through 
hook bolts, as shown in Fig. 357, which represents a crane road on 
a timber jetty arranged for 20-ton cranes working at 25 feet radius, 
with a gauge of crane road of 11 feet centres of rails, as shown, 
the total weight of the crane without the load being about 80 tons. 
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The use of floating booms alongside jetties of openwork con- 
struction is not uncommon. It may in certain cases be necessary 
to prevent small floating craft, such as boats or barges, from being 
blown or pushed in under the girderwork of a superstructure 
which is not sufficiently high above high water to prevent the 
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risk of such craft being caught at the top of the tide, and by their 
displacement exerting an upward lifting force on the decking. Or, 
again, booms are used to mitigate the force of shock or rubbing 
as between the ship's side and the jetty face. 

In the case of large cast-iron cylinders, circular rings of timber. 
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framed together, snrrouuding the cylinder and floating up and 
down vith the tide, have been used, but are found to be severe 
npoD the frames and skin-plating of the ehip ; on the other hand, 
if the boom is made straight, the nip then becomes visited npon 
the cylinder to the relief of the ship. 

We may now consider the other type of jetty previously 
referred to, consisting of heavy cast-iron cylinders supporting a 
superstructure of main and cross livete'd steel girders with decking. 
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the whole forming a facing in front of a rubble mound surmounted 
by a vertical wall in deep water, and adapted for the use of a 
heavy class of vessel of deep draught. 

In the case before us the local conditions and the cost of 
sinking oyliaders require that the latter shall be spaced aa far 
apart as is practicable without unduly increasing the dimensions 
and weight of the main girders. This spacing is fixed at about 
60 feet in the case shown in Fig. 358, which represents the upper 
portion of one cylinder and portions of the adjoining spans of main 
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giideis. An enlarged view of the upper portion of the cylinder, 
showing the capping, the junction of the main girders, and the 
hollard attaohment, is given in Fig. 359. 

Th« main girder connecting the tops of the cylinders is of a 
heavy box-girder type, and is shown in section in Fig. 360. Cross 
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gilders, of which the end of one next the main girder is seen in 
Fig. 360, carry the decking, which consists of trough flooring plates, 
aa shown, covered with asphalte, and supporting hallast filling 
upon which the sleepers of sundry lines and crossings are laid, 
these latter serving tiie purpose of railway traffic between the 
jetty and the mainland. 

As the main girder flanges are 3 feet in width, while the 
cylinder below is 7 feet in diameter with a capping 8 feet 
diameter, the curb or coping line of the jetty is brought forward, 
so as to be flush with the cylinder cap below, in the manner shown 
in Fig. 360, riveted steel brackets being attached to the box girder 
at intfflrvals, supporting a cappii^ of heavy timbers, as shown. 
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The box girders are of dimensions sufficient to enable painting 
to be done inside, and means of access are provided. 

The attachment of a cross girder to the main box girder in rear 
of the latter is shown in Fig. 361. 

The attachment of the bollards in this stracture is a detail of 
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importance, and is of more complex type than the single concrete 
foundation which can be employed under other conditions. It is 
shown in Figs. 359, 362, and 363, the bollard, of special section. 
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being inserted between the webs of main box girders, as shown in 
Fig. 363, and carried down below the seatings of those girders into 
the concrete filling of the cylinder below, the pull on the bollard 
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being further resisted by diagonal ties carried back to the wall 
behind, the whole being intended to resist the pull of hawser of a 
heavy vessel. 

The cylinders are of massive construction, and are spaced, as 
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before stated, about 60 feet apart, longitudinally^ in a single row. 
The upper portion of the cylinder, 7 feet in diameter, is shown 
in Fig. 358, cast in complete rings, 1^ inch thick, and connected 
by flanged joints with 1^-inch bolts through drilled holes. Cast 
holes are frequently used in this class of work, but holes driUed 
to a templet are far more satisfactory, and secure complete 
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interchaugeability of parts. The advantages gained in this respect 
in erection connterbalance the additional cost The meeting surfaces 
of the flai^es are machined all over, it being virtually no more 
costly tban the niachtniog of separate strips. Watertightness 
during the process of construction and sinking is thus attained, 
assisted by the use of canvas and red lead jointing material, or by 
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the insertion of india-rubber cord flattened out by the squeeze of 
the holts. 

Details of the cap to the column are shown in Fig. 364 in 
section, and in plan in Fig. 365. 

The outline of the cap is designed with simple and easy curves, 
as shown, without projecting mouldings, in order that small floating 
craft, such as barges, etc., may not catch their coamings or fenders 
on a rising tide, the cap being but a short distance above high 
water. 

The make-up length, to allow of deviations from regularity in 
the final level to which the cylinders are sunk, is the one 
immediately below the cap, as shown in Fig. 358. 
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The lower portion of the cylinder is shown in Fig. 366. The 
three lowennoat ringe are 10 feet in diameter, l^-inch metal, being 
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enlarged to give greater area for bearing, and working space for 
excavatioQ and sinking operations. The connection between the 
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lower rings of 10 feet diameter and the upper rings of 7 feet is 
made by the conical length shovn in Fig. 366. 
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Pig. 367 is a section of the 7-feet ring at AA, Fig. 366, and Fig. 
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368 is a section at BB, looking up, and showing the interior of the 
conical length. 

The cutting edge of the lowermost length of 10-feet cylinders 
is shown in detail in Fig. 35, the bottom portion, 8 inches in depth, 
being thickened out to 2 inches, strengthening the cutting edge. 

A further use of iron or steel in the construction of marine 
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works in wharf or dock walls may be found in the construction 
of heavy tie-rods, which are occasionally found necessary to 
prevent forward movement of walls due either to weakness of 
foundations, or heavy surcharged loads (the wharf wall being 
considered as a retaining wall), such as coal stacks, etc. 
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An example of Boch tie-roda will be found iu Figa. 369 to 376 
inclusive, which reptesent the details of a tie-rod for anchoriDg 
bock the summit of a wharf wall to a rabble mound considerably 
ID the rear of the wall. The rod is 2\ inches diameter in the 
main section, of mild steel, jointed as shown in Figs. 369 and 370, 
which show tlie details of the coupling boxes. The rods are 
swelled at the ends by means of an hydraulic forging press, and 
" plus " threaded. The conpling boxes are shaped as shown, while 
the material of which they are made is described in the results of 
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the tests given on p. 45. The detail of the attachment of the 
tie-rod to the wall is given in Fig. 371, a recess being cut or left in 
the face of the wall, into which the cast-iron wa^er, shown in 
the figure^ is inserted, the whole being flashed up with fine Port- 
land cement concrete, thus preserving the face of the wall intact 
and preventing obstructions. 

[Die anchorage of the other end of the rod is shown in Fig. 372, 
where the tie-rod is shown forked into two 2-inch diameter 
branches, taking hold of a concrete block of such dimensions as to 
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prevent its being dragged through the rubble in which it ia 
embedded. 

The jnnction of the three rods is shown in Figs. 373, 374, and 
the anchor plates in Figs. 375, 376. 




The whole of the tie-rod is embedded in a rough pine-wood 
box, and rammed round with a mixture of sand and pitch to pre- 
serve from corrosion, the rod being buried in the filling some 
feet below the surface. 

The use of the concrete anchorage as described above is an 
exceptional case, the tie-rods being used mainly in the tying 
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together of two parallel wharf walls, the rod passing through from 
the face of one wall to the face of the other. 
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Fig. 365 (Scale I inch = 1 foot). 
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Bollardi. — Among the necessary items of equipment on a 
wharf, jetty, or dockside, for the handling of ships or vessels of all 
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sizes, not the least important are the bollards for the attachment 
of mooring hawsers. 

These may be occasionally of stone, and are frequently of 
timber in those cases where the outer piles of a timber jetty of 
pier are carried up above the level of the deck. In modem dock 
work, where the class of craft which comes alongside includes some 
of the heaviest ships afloat, it is customary to make the bollards of 
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cast iron, and latterly in first-class work they have been constructed 
of cast steel. 

It is obvious that where very large vessels are concerned it is 
necessary for safety in handling that the detail of attachment of 
the shore end of the hawser should be above suspicion as far as it 
is possible to make it so, as the failure of a bollard at a critical 
moment may have serious results. The consideration of the 
stresses which may arise from the pull of a steel wire or hempen 
hawser will lead to the conclusion that the case is not quite so 
simple as may appear at first sight. 

The direction of the pull of the hawser in a horizontal plane 
may be at any angle within a semicircle on the wharf side, or 
even practically all round the circle in those cases where a lead 
can be taken off a bollard in almost any direction, while there will 
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firequently exist a vertical component of poll tending to pull the 
bollard out of the ground in cases of attachment to a high-sided 
ship. 

Again, there may exist a powerful element of torsion when- 
ever the hawser, as is frequently the case, is taken with several 
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turns round the bollard, and the pull is at one side or edge instead 
of being led to the centre. 

In all the varying degrees of angle at which the pull may 
occur, the ultimate strength of the hawser itself may, however, be 
taken as the measure of the strength of the bollard. When the 
hawser parts, the duty of the bollard is at an end, wliile it is 
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probable that the strength of the shore attachment, as usually 
designed, ia at least equal to that customary on board ship. The 
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consideration of tliis latter detail belongs, however, to the domain 
of nav^ arcMtectuie. 

The calcolatioii of bollard strength on these lines presents no 



,PlO. 872. 
Bokle A inoh = 1 foot 





Special difficulty, using the moment of inertia of the section under 
wmsideration, and assuming the maximum height or lever arm at 
which the pull is likely to take place, while the torque can be 



366 CONSTRVCTION IN MILD STEEL. 

calculated in the naoal manner. The strength of the fooudatioo 
in which the bollard is fixed must necessarily be governed by 
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circumstances, and is not always capable of precise calculation. 
The bollard may be fixed in a solid wall, and there may be cases 




in which the stability of the whole wall must bd considered, while 
if fixed near the edge, the resistance to bursting of the masonry or 
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concrete in front of the bollard must not be lost sight of, and 
where this resistance is insufficient or doubtful, it has to be supple- 
mented by ties to the back of the wall. In those cases where a 
bollard is fixed in an isolated block of concrete, which itself is 
buried in soil, possibly made ground, the resistance to overturning 
of the concrete block is supplemented to some extent by the resist- 
ance of soil of varying degrees of softness or compressibility, and 
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in such cases the total resistance offered may not be easily cal- 
culable. It is certainly possible, and baa occurred in practice, 
that the bollard with its foundation may be pulled out of perpen- 
dicular, aided by a vertical component of stress, before the trans- 
verse resistance of the bollard itself had been reached. This part 
of the subject belongs, however, to the theory of the strength of 
foundations generally, or rather to that branch of it which deals 
with resistances in soils other than vertical. 

The position of bollards with relation to the edge of coping or 
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wharf line is often determined by varying consideiatdoDs. In 
some cases it is deemed desirable to keep the bollards back and 
leave a working space aloi^ide the edge of jetty or dock, bnt 
in these cases the space in question will be encumbered by the 
hawsers themselves. Where this is deemed objectionable, as in 
those cases where a railway line, or craoe road of wide gauge, or 
both combined, are required alongside the wharf or dock, then the 
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bollard is bequently placed as close to the edge as is practicable, 
and in many cases is placed flush with the face of the wharf wall. 

These varying conditions give rise to a variety of detail 
governed by the various methods employed of tieing back the 
bollard to a sufficiently good foundation to meet all the conditions 
of stress. 

In Fig. 377 we have the ease of a simple form of bollard 
embedded in a concrete block at the back of a quay wall, there 
being a subway in the top of the wall to contain hydraulic or 
electric mains, water pipes, etc. The upper portion of this bollard 
is shown in part elevation and section in Fig. 378, and in sectional 
plan on the line HH in Fig. 379, which shows the shape of that 
portion of the bollard to which the hawser is attached, the lower 
portion, embedded in the concrete foundation, being made square 
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to prevent turning round under torsional stresses. It will be 
observed that the lower portion of the square is cast with a 
projecting lip offering resistance to a vertical component in the 
pull. The mushroom-shapod head at the top of the bollard 
prevents slipping upwards of the hawser. 

A special form of cast-iron bollard to meet special conditions 
is shown in Fig. 380. In this case it is required to place a bollard 
OS near the coping line of a commercial wharf as possible, in order 
to leave behind it an unencumbered space for crane and wharf 
roads. The outer rail of the crane road is placed on the coping to 
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facilitate the design of the travelling crane to be employed and 
reduce overhang. The space required for this rail (not shown in 
the figure), and the dimensions of the crane leg and its gear, 
require the bollard to be set back a little from the coping line as 
shown, wliile we have almost immediately under the bollard a 
subway for the purposes above described. 

This combination of conditions gives rise to the form shown in 
Fig. 380. The under sui^ace of the casting is shaped as shown to 
suit the outline of the subway, while the necessary tieii^ back is 
secured by the 3-inch diameter bolts which are carried to the back 
of the wharf wall, which is widened out in way of the bollards to 
provide sufficient mass. 

2 B 
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Fig. 381 is an eleyation of the rear of the wall showing the 
attachment of the tie-rods, and Fig. 382 is a plan of the general 
arrangement Fig. 383 is a longitndinal section of the front portion 
of the bollard, and Fig. 384 is a section throngh MM, Fig. 383. 

Figs. 385, 386, and 387 are details of the rear portion of the 
bollard, showing the attachments of the 3-inch diameter ties. 
These ties pass throngh a cast>iron washer similar to that shown 
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in Fig. 375, resting on a stone bed plate embedded in the concrete 
of the wall. 

The front portion of the bollard is held down by a pair of 
2^-inch diameter rods, embedded in the wall as shown. 

Another form of bollard suitable for heavy vessels, and adopted 
in its details for attachment to a jetty of composite construction 
having a timber superstructure, is shown in Fig. 346, while the 
attachments of a bollard of special construction to suit the details 
of riveted steel girderwork in a jetty of another type are shown in 
Figs. 358, 359, 362, 363. 

In combination with a system of bollards, the complete 
equipment of a modem jetty or wharf will also include fairleads 
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and capstans, the latter being driven by steam, compressed air, 
hydraulic, or electric power, in accordance with the type of power 
available. 

The relative position of bollards, fcdrleads, and capstans should 
be carefully studL6d and planned out in order that the lead of the 
hawser may be as free as possible and not exposed to chafing. 

Where very heavy vessels have to be manipulated, the 
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anchorage of the fairleads should be of a substantial character, 
and it is desirable that the foundation should ofTer ample 
resistance to drawing out or overturning. If a fairlead be planted, 
for example, on a coping stone, damage by loosening the stone may 
result, unless the latter be very firmly secured. An independent 
foundation, consisting of a concrete block of suflBcient dimensions, 
is often found a preferable course. 

The general arrangements of bollards, fairleads, and capstans 
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at the entrances to dooks and basma will generally reqtiire a 
careful etndy in detail, not only to secure the best and moat 
advantageous poaitiooB for the bandliug of incoming and outgoing 
vessels, bnt also that they may occupy positions in proper relation 
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to each other, and not interfere with various machinery details 
whioh commonly occur in such eituations, such as penstock or 
caisson machinery of various kinds. 

CaisHoa. — The term " caisson " is applied to a variety of 
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structures fulfilling varied functions and serving widely different 
purposes. Thus we have the term applied to that form of structure 
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designed to close dock entrances, and forming virtually a movable 
dam. Eeference to this form of construction will be made later on. 
Or we may find it applied to those appliances by the aid of which 
the foundations of important structures, such as large bridges, are 
sunk to great depths, often under conditions of great difficulty 
and risk. Or again, as befoi'e mentioned, the term is applied to a 
class of structure by means of which breakwaters constructed in 
deep water are either commenced or, as it sometimes happens, are 
brought to a conclusion by the formation of the head of the break- 
water inside, or by means of, a caisson. 

In this chapter practical examples, recently carried out, will 
be given of two classes of caissons, viz. those employed under 
special circumstances for the commencement of an important 
breakwater, and those employed for the closing of dock entrances. 

A recently completed breakwater,^ constructed of concrete 
blocks, laid by what is known as the sloping system of blockwork 
was commenced subsequently to the deposit of an extensive rubble 
mound, designed so as to bring the foundation level of the block- 
work from the sea bottom upwards to about 36 feet below low 
water, by a steel caisson designed by the author, and of the form 
shown in longitudinal section in Fig. 388. This caisson may be 
described as a rectangular box with sloping ends, and having the 
following principal dimensions : — 



Length moulded on bottom 
Length moulded on top of fixed part 
Length moulded on portable bulwarks 

Breadth moulded 

Depth moulded of fixed part 
Height of portable bulwarks 
Length of well moulded ... 
Angle of sloping ends 



101' 21" 
73' lOi" 
72' lOi" 
33' 0" 
37' 6" 

ir 0" 

60' 0" 
70° 



The caisson was of a uniform moulded breadth, as above, of 
33 feet, this being the normal width of the blockwork construction, 
while the slope of the end portions, 70 degrees, was the angle at 
which the sloping blocks were laid, both ends of the caisson being 
sloped to the same angle, the intention being to sink the caisson 
at or near the centre of the breakwater and commence work in 

* For a desoription of this work, the rtadent is referred to the article on 
** Dockyards " by the author of these notes in the Sw^tm/eml^ to the Encydopmdia 
BrUantUca, 
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both directions simultaneously, the blockwork in one-half of the 
breakwater sloping in the opposite direction to that in the other 
half. 




s II 
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The caisson was divided lengthwise into five chambers, the two 
end chambers being watertight compartments with a combined 
total displacement calculated to ensure the caisson, with all 
ballast and temporary fittings and gear on board, floating with a 
maximum draught of 32 feet, thus having a clearance of 4 feet 
under the bottom, over the finished and prepared surface of the 
rubble mound before mentioned. 

The three central compartments formed an open well, with no 
bottom, and having a total moulded length of 60 feet, each com- 
partment being 20 feet in moulded length, with a breadth moulded 
of 33 feet. 

Tlie intermediate bulkheads and the side plating of the central 
well were watertight, the bottom being open, but framed with 
strong plate girders longitudinally and transversely, as shown in 
the figures. 

The end watertight compartments were each subdivided by 
fore-and-aft bulkheads into three separate watertight compart- 
ments, the entire structure being thus divided into nine compart- 
ments, as shown in plan in Fig. 389 (which is a section on A, B, 
Fig. 388) and numbered 1 to 9. The object of this subdivision will 
be explained later on. Fig. 390 is a cross-section of the caisson 
taken partly through the end compartments, and partly through 
the central well. 

The caisson was constructed of mild steel of the usual quality. 

The frames were of 8" x 3J" x 3J" x f" Zeds, spaced 2 feet 
apart, centres, the stringers in the end watertight compartments, 
Nos. 1 to 6, consisting of a web plate 24" x f ", cut for the frames, 
and brought up to and riveted to the skin plating in the usual 
way, with an angle steel 3" X 3" X f " for each flange. 

The stringers to compartments 7, 8, and 9 consisted of a web 
plate 24" X f ", with flange angles 3" X 3" X J"i attached to the 
bulkheads and frames by means of brackets and bolted connec- 
tions in such a way as to render them removable in the central 
well compartments prior to the deposit of concrete, this course 
being adopted in order that the deposited concrete in the central 
well might have as few dividing planes of weakness as possible. 
The stringers in compartments Nos. 1, 2, 3, 4, 5, and 6 were 
not removable, being riveted to the skin plating. 

The skin plating was of mild steel plates, arranged in and out, 
nine strakes in height, the three lowermost being ^ inch thick, the 
three next f^ inch, and the three uppermost f inch thick. The 
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landings of skin plating and bulkheads were double riveted 
throughout, with double riveted butt straps, and double riveted 
overlap butts to bulkheads. 

The riveting, principally | inch diameter, was spaced 4 to 
4^ diameters in watertight work, 7 to 8 diameters in non-watertight 
work, and with special spacings elsewhere. 

The "floors" or floor girders stiffening the bottom ^-inch 








FiQ. 390. 
Scale 1 iDoh = 16 feet. 



plating of end watertight compartments were of 18" x |" web, 
with one 3" X 3" X |" angle to each flange. 

The plate girders at the bottom of the central well compart- 
ments Nos. 7, 8, and 9 were longitudinal and intercostal, as shown, 
and consisted of webs 60" x f ", with top and bottom flanges of 
two 6" X 6" X \ angles, double riveted, with one plate 12J" x i", 
the webs being stifiened at 2 feet intervals with 3" X 3" x |" 
angles, the junctions of longitudinal and intercostal girder being 
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w 



further stiffened by top and bottom sketch plates as shown. The 
purpose of these stiff bottom girders was to resist, in combination 
with concrete, upward water pressure at certain stages of the 
filling of the central well with concrete, and pumping out of the 
several compartments. . 

The stringers supporting the frames in the central well, com- 
partments 7, 8, and 9, were not, for economical reasons, designed 
to resist the full collapsing pressure of the water which came 
upon them in process of pumping out of the compartments, and 
they were accordingly strengthened by temporary timber struts of 
pitch pine, 14 inches square, arranged as shown in plan. Fig. 389, 
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and arranged in tiers as shown in Figs. 388 and 390. These struts 
were removed as the concreting of the structure was brought up. 

The upper portion of the caisson was surmounted by portable 
steel bulwarks of ^^-inch plate stiffened with angles and strutted 
internally with timber, as shown in Figs. 388 and 390, this 
strutting being so arranged as to form a platform on top for the 
temporary work connected with the flotation, sinking, and con- 
creting of the structure. 

Six sluice valves, 12 inches in diameter, lined with gun metal 
and tested to 150 lbs. pressure, were supplied, one to each sub- 
division of the end watertight compartments, Nos. 1, 2, 3, 4, 5, and 6. 

These valves were worked, as shown, from the upper platform. 
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and were for the purpose of admitting water to the end compart- 
ments aforesaid. 

Mooring rings were attached to the caisson at convenient places, 
and the sloping ends were provided outside the skin plating with 
angle irons riveted to the plating and running vertically up the 
slope, to form a key with the first layer of concrete blocks laid 
against the slope, and moulded with corresponding grooves in the 
blocks, to minimise the risk of the first row or rows of blocks being 
shifted off the face of the caisson by sea stroke until they received 
the full weight of the succeeding tiers. 

The caisson was constructed and put together in the building- 
yard at home, and was subsequently taken to pieces and shipped 
to the site of the works, there to be re-erected, riveted, and 
launched, completed in the water, floated out to the site of the 
breakwater, and sunk. 

Local conditions connected with the site of launching and depth 
of water available, made it desirable that the launching draughts 
should not exceed 2 feet IJ inch forward, and 4 feet 6^ inches aft, 
and to obtain these conditions the caisson was launched in an 
incomplete state, with only so much of the framework and skin 
plating erected as was compatible with the above conditions. 

The caisson was launched end on, in preference to broadside 
on, the bottom of the central well compartments being temporarily 
decked over with 4-inch planking of sufficient watertightness to 
serve for launching purposes. This was subsequently removed 
when the caisson had been towed into sufficiently deep water. 

A section of the launching ways is shown in Fig. 391, the ways 
being laid with a declivity commencing with ^ inch per foot, and 
terminating with J^ inch per foot at low water, the declivity of 
the caisson itself being ^^ inch per foot. 

A minimum depth of water of 11 feet at low water, extending 
outwards for about 60 feet beyond the end of the ways, with a 
width of 70 feet, sufficed for launching purposes, the launch being 
successfully effected. 

The subsequent process of erection and completion of the 
caisson in the water was but a repetition of the process of building 
up successive additions of steel-work in framing and skin plating, 
and the gradual loading up of ballast, until the entire structure, 
including all temporary timber work and other temporary 
appliances, was completed, and sunk to its fiual draught on an 
even keel of 32 feet, as designed. 
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In view of the sea risks to be encountered during all the stages 
subsequent to the launch, of completion in the water, floating out 
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to the site, and final sinking in place, it was deemed desirable that a 

large amount of transverse stability when afloat should be maintained. 

This was secured by the bcJlast stowed upon the floor, and 

between the floor girders, of compartments 1 to 6 inclusive. This 
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ballast consisted for the most part of burr concrete, composed of 
steel "burrs" or pnnchings grouted in with Portland cement 
mortar, and supplemented with ordinary concrete ballast. By this 
meeuis a large metacentric height was maintained at all stages of 
construction, as shown in Fig. 392, which gives the curves of 
centres of buoyancy and gravity, metacentres, and displacement 
from the launching condition to that of final flotation and draught 
previous to sinking. 

A summary of the weights at launching and at the finished 
draught of 32 feet is given in the following table : — 



• 


TODB. 




Net steelwork 

Bivet and bolt heads 

xAint ... ... ... ... 

Timber 

Bolts and plates for timbers 

Burroonorete 

Ordinary concrete 

Sluioes and mooring rings 


219-87 

5-34 

2-37 

20-68 

0-34 

33-00 

• •• 

••• 

281-60 


383-66 

9-31 

4-14 

90-06 

2-89 

412-50 

58-70 

2-99 


Total weight 


964-25 


Draught forward 

Draught aft ... 


2' If i 32' 0" 
4' 61" 32' 0" 



The conditions of stability at the final condition (32 feet 
draught) were as follows : — 



Centre of gravity 
Transverse metaoentre 
Centre of buoyancy 
Transverse G.M. 



11*12 feet above base 

15-60 

13-80 

4-48 feet. 



i> 



*> 



The burr concrete was about 2 feet thick over the floor, and the 
ordinary concrete placed above was about 9 inches thick. 

The burr concrete,^ 412*5 tons in weight, was composed of 
370 tons of punchings and 42*5 tons of Portland cement and sand, 
the mixture weighing about 350 lbs. per cubic foot. Experi- 
ments made on the weight of concrete used in filling the caisson 
gave the following results : — 

> For further remarka on Burr concrete, see p. 402. 
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1 Portland cement, 1\ sand, 5 limestone broken to pass through 
an 1^-inch ring, weighed 155 lbs. per cubic foot = about 14^ cubic 
feet per ton, the voids in the limestone being about 44 per cent, 
and those in the sand 30 per cent. 

A concrete of 1 Portland cement, 2 sand, and 5 broken stone, 
gave nearly the same results, weighing 157 lbs. per cubic foot = 
say, 14^ cubic feet per ton. 

The caisson up to this point has been considered simply as a 
riveted steel structure, and further reference to its subsequent 
history and the ultimate use to which it was put might be regarded 
as outside the scope of these notes, if it were not that the sub- 
sequent operations explain certain peculiarities in the design. 
These, then, will be briefly alluded to. 

As previously stated, the breakwater was founded upon a 
mound of quarried and deposited limestone rubble, in a depth of 
water varying from 45 to 65 feet below low water, and brought up 
to a level of 36 feet below low water, this being the depth at 
which it was considered the foundation courses of the superstructure 
could be laid with safety. 

That portion of the surface of this mound upon which the 
caisson was intended to rest was carefully levelled by divers and 
brought to a fair surface by the deposit of fine material or small 
stuff, care being taken that no large stones projected above the 
finished level. 

The caisson, having attained the draught before mentioned, was 
towed into position over the prepared site above described, and, the 
valves to the end chambers being opened, was sunk through the 
space, about 4 feet, intervening between the prepared surface of 
the mound and the under surface of the caisson at low water. 

The possibilities of bad weather and heavy seas rendered this, 
perhaps, the most critical juncture in the entire scheme, and the 
succeeding operations about to be described were planned with 
the view of obtaining in the shortest possible time such a pre- 
ponderance of dead weight over displacement as should reduce the 
risk of any shifting of the caisson out of its place by heavy seas 
to a minimum. 

The programme described in the following table was therefore 
planned and carried out as closely as circumstances permitted, and 
with entire success, the concreting being carried ou with the utmost 
possible despatch, while mooring chains were used as an additional 
safeguard against any shift of the caisson. 
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An examination of the last column of the foregoing table, which 
gives the excess in tons of dead weight over buoyancy, will show 
the general increase in stability as the processes of pumping out 
and concreting went on, and the final result of the operations above 
described was the gradual building up of a monolithic structure, 
which, when first launched, had a total weight of about 281 tons, 
but in its completed state weighed nearly 9000 tons, and formed the 
first stage in the construction of a breakwater, of which the caisson 
itself formed a portion of the length, and was possessed of at least 
as much stability as any other section of the breakwater when 
finished. 

Upon this caisson, completed in the manner described, were 
erected the Titan cranes,^ by whose means the whole of the sloping 
blockwork was set. One Titan was first erected, as shown in 
Fig. 393, and, forming its own road as it advanced, was gradually 
worked ofi* the caisson to make room for a second Titan of similur 
dimensions and power, working in the opposite direction to the first. 
By these two machines the whole of the remainder of the break- 
water, including the heads, was constructed, and no further tem- 
porary staging of any kind was required, notwithstanding that the 
work was entirely cut off from the shore, with no communication, 
temporary or otherwise, except that of the floating craft transport- 
ing the concrete blocks &om a blockmaking yard on the mainland. 

The concrete blocks were laid in their sloping position by 
means of Fidler's patent block-tilting apparatus, designed by the 
author for this purpose. 

It is not of course to be claimed that the system here adopted 
would be universally applicable, or would offer a sufficient guarantee 
against all sea risks in all situations. Varied exposures, and the 
local risks to be met, will obviously rule the decision as to the 
best method to be adopted ; but any further consideration of this 
branch of the subject is outside the range of these notes. 

Caissons for dosing doek entranoes. — The entrance to a graving 
or dry dock may be closed and rendered watertight by one or 
the other of two methods, viz. by gates or by some form of movable 
dam or caisson. 

It is not within the scope of these notes to Institute a complete 
comparison between these two methods of construction, or to enter 

^ For a deaoription of theae maohineB, the reader is referred to the article on 
« Titan Cranes** in the SupplemerU to ike Enqfdopmdia Britamnica, by Mr. Walter 
Pitt, M.I.C.E. 
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into all the arguments for or against either type on the grounds of 
relative economy, eCQciency, or ready handling. 
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But for present purposes it may be pointed out that where the 
conditions of the site and the requirements of the dockyard or tiie 
commercial port are such as to demand a line of railway across 
the dock entrance capable of carrying with safety tiie heaviest 
rolling loads which have to be handled, such as boilers, heavy 
articles of machinery, guns, or the like, then the caisson possesses 
advantages over its rival, inasmuch as such a line of railway 
cannot conveniently be carried over a pair of dock gates of the 
ordinary design, but would demand a swing bridge of very 
considerable dimensions and cost, in addition to the gates them- 
selves. 

A bridge of this description would, moreover, frequently prove 
an obstruction to wharfing operations, and occupy valuable space. 

The caisson, under such conditions, on the other hand, contains 
within itself the capacities of both gates and bridge combined, as 
the entire structure can easily be made of sufficient strength as a 
roadway to transport across the dock entrance the heaviest loads 
which can ever in practice be brought upon it, while at the same 
time fulfilling the functions of a movable dam and completely 
sealing the dock entrance against the maximum water pressures 
which can occur at the highest tidal levels. 

Caissons for dock entrances may be divided broadly into two 
principal classes, viz. sliding and boating caissons, or, as the latter 
class is sometimes denominated, ship caissons, due probably to 
some fancied resemblance to ship forms of construction, especially 
when built on lines of curvature and outline approximating to 
those of ordinary vessels, although such outlines are sometimes 
adopted more from motives of appearance, or possibly of precedent, 
rather than from any practical advantages to be gained. 

The sliding caisson derives its nomenclature from the methods 
adopted in the removal of the caisson from the dock entrance by 
sliding or hauling it into a recess in the dock walls prepared for 
its reception, and in such a recess the caisson is stowed away, and 
forms no barrier to the ordinary procedure of docking or undocking 
vessels. 

The methods by which such sliding and hauling operations are 
performed will be further described, together with the precautions 
to be observed. 

The floating caisson, on the contrary, is so designed in the 
mutual adjustment and balancing of its weight and displacement 
as, by a slight modification of the former, it can either be raised 
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out of, or sunk into, the grooves which are prepared for its recep- 
tion in the sill and dock walls of the dock entrance, its final 
removal from the entrance being accomplished by warping or 
towing the caisson away to some convenient berth prepared 
for it. 

It is in the necessity of providing such a berth that an 
objection is found in some cases to the employment of a floating 
caisson as compai'ed with a sliding caisson. In the former case 
the space taken up by berthing the caisson in a basin or wet dock, 
or in a tidal stream, or alongside a wharf wall or jetty, may be of 
importance, although provision is sometimes made in the construc- 
tion of the dock walls for a recess to receive the caisson, so as to 
be protected from the risk of grazing or colliding with passing 
vessels. 

From this point of view the sliding caisson possesses the 
advantage, as above described, of being completely stowed out of 
the way, in its own recess, by means of the hauling apparatus 
provided for that purpose. 

On the other hand, it is found that the cost of the sliding 
caisson is approximately twice that of the floating caisson, even if 
the cost of building the special recess is left out of the calculation, 
while the amount of machinery is greater, and the risks of a 
breakdown correspondingly increased, although it must not be 
overlooked that the floating caisson is exposed to certain risks of 
its own in the process of removal from, or reimplacement in its 
groove, which are not shared in quite the same d^ree by the slider. 

Both types of caisson possess, or should possess, the capability, 
when properly designed, of removal from their position for the 
purpose of dry-docking for repairs and examination and painting 
or scraping. 

For this purpose the sliding as well as the floating caisson 
must possess the requisite degree of stability as a floating body 
for all the usual operations of warping, towing, and docking ; and 
practical experience has indicated what amount of stability such 
structures should possess when designed in the manner shown by 
the examples which follow, and which will be further discussed. 

Whatever functions as a bridge which a caisson may be called 
upon to fulfil, either as means of transport for passenger traffic 
only, or as a roadway for mixed railway and road traffic of a heavy 
description, it must, as a dam at least, fulfil one important condition, 
viz. that of watertightness, and of keeping water out of the dry 
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dock at the highest tides with the least possible amount of leakage^ 
and consequent demands upon the drainage pumps. 

The problem of forming a watertight joint around three out of 
four of the sides of a superficial area amounting to as much as 
6000 square feet, and having a lineal dimension of nearly 200 
feet run, exposed to an hydraulic pressure which in some cases 
amounts to as much as 53 feet 6 inches of head, capable of being 
easily imsealed, and as easily sealed up again, is an interesting 
one of great practical importance, and were it approached from, 
abstract mathematical grounds, or from the point of view of 
theoretical hydraulics, would afford scope for sufiBicient speculation. 

Fortunately, the practical experience of many years has shown 
that the contact produced by the hydraulic pressure against the 
caisson, between two surfaces, the one of planed greenheart or 
other suitable hard timber, and the other of patent axed granite 
or other suitable hard masonry, is sufiEicient to produce a joint 
practically watertight over its entire superficies, and capable of 
being made and unmade with ease and celerity, while the amount 
of watertightness possessed by a well-designed and properly fitted 
caisson is greater than that possessed by the majority of the best 
constructed gates. 

Upon the practical experience thus gained on this most im- 
portant detail is based the design of the keel and stems of sliding 
and floating caissons, being the important preliminary in the 
design of the entire structure, these keels and stems having to 
supply the required reactions of the supports as against the 
hydraulic pressure of the full head of water acting against the 
entire exposed surface of the caisson at highest tides on one side, 
the other side being dry. 

In Fig. 394 is given a detail of the arrangement of timber keels 
to a floating caisson, showing the contact of the timber with the 
masonry of the siU and the extent of the watertight seaL In this 
case the groove is 2 feet 3 inches in width, and a clearance of 
4 inches is allowed, by which amount the caisson " fleets " over, 
when the direction of water pressure is reversed. In Fig. 395 is 
given the detail of the timber stems in the groove cut in the 
masonry of the sides of the dock entrance, this groove being a 
continuation of the groove cut in the sill, and of the same width, 
but 2 feet deep in place of 1 foot 3 inches, the 10-inch space shown 
in Fig. 395 being provided to enable the caisson to swing out of 
the groove, in combination with the additional clearance gained by 
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tihe batter of the aides of the entrance, when the caisson has floated 
np a few feet, the lO-inch space being an important factor in the 
operation. 

These details show also the mode of connection of the timber 
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keels and stems with the framework and skin plating of the body 
of the caisson, to resist the severe shearing (or combination of 
shearing and bending) stresses which take place at this point. 
The method shown in Figs. 394, 395 has been successful in caissons 
having a total area of entrance np to 3500 or 3800 square feet. 
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Beyond this amount of area, and for greater water pressnTCS, 
it has been deemed advisable to adopt the type of constraction 
shown in Fig. 396, showing a stronger method of connection with 
the caisson body ; but this type of keel demands a groove of 
greater width, aa shown in the figure. It has been applied to dock 
entrances having a total area of opening of 5163 square feet. 



Fia. 396. 
Scale 1 incb = 1 foot. 

The arrangement of timber keel for a sliding caisson is shown 
in Fig. 397, which gives the arrangement of the internal steelwork 
ot this point, and shows the fine axed granite sliding way upon 
which the caisson moves, and the patent axed granite stop wMch 
forms the watertight seal with the timber keel. 

In the above examples the net width of the surfaces in contact, 
after allowing for roundings or chamfers, is from 11 to 13 inches. 
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and this amount, under the severe preasnies experienced, is found 
to give a satisfactory watertight joint. 

The pressures to be sustained by the timber require a hard 
wood, and the exposure to the ravages of worm, a wood as little 
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susceptible as possible to these attacks, cousequently the timber 
employed is very frequently greenheart, which also yields the 
required scantlings without difficulty. The timber used shoold be 
of the best quality, well seasoned, in long lengths, worked with 
square butta properly shifted with regard to joints in steelwork. 
The outer faces of the keels and stems should be planed to true 
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surfaces to meet the masonry faces with which they are in contact 
(in some cases the centre of the contact-face of the timber has been 
left a trifle proud). 

The inner surfaces are carefully scribed over all angles or 
covers in the steelwork, and well bedded on canvas soaked in red 
lead paint so as to form a watertight joint. 

The timbers are secured to the steelwork by galvanized bolts 
and coa«h screws, as shown in the details, the bolts, in the case of 
the floating caissons, passing through steel ferrules, and in the 
sliding caissons through the angle steels arranged to take the keel, 
as shown in Fig. 397. The heads and nuts of the bolts in the 
keels and stems of floating caissons are sunk into the woodwork, 
as shown, and covered with timber plugs set in marine glue pitch, 
the voids round heads and nuts being filled with pitch and sand 
cement. 

The edges of the keels and stems are chamfered, as shown, to 
avoid splintering due to blows or rubbing against the masonry. 
The chamfers on the timber and the roundings on the masonry 
also facilitate the operations of removal and replacing of the 
caisson. 

The details of the stems and keels have thus far been considered 
as a preliminary to the further stage of the design, viz. the question 
of the transverse strength of the entire caisson against the maximum 
water pressure on one side only. 

The total amount of the reactions to be supplied by the pressure 
of the surfaces of the stems and keels is, of course, known, being 
equal to the total water pressure. But the precise value of the 
distribution of these reactions over each unit of the entire area of 
the surfaces in contact is not so easily determined. Assumptions 
as to distribution of stress may be made, for example, which would 
lead to the conclusion that the larger portion of the reaction was 
supplied by the sides of the dock entrance^ leaving but little to 
come upon the lower siU ; or, contrariwise, the sill might be supposed 
to be doing the bulk of the duty, leaving little for the sides, neither 
proposition being probably quite correct. 

If the intensity of pressure at all points round the superficies 
of sides and bottom keels could be experimentally determined, the 
calculation of stresses would be simple ; but, so feir as the writer 
is aware, this has not yet been ascertained. 

The solution is probably to be found in the elastic deformation 
of the entire structure, where the stiffness of both longitudinal 
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and vertical planes of girders is taken into account, and the dis- 
tribution of stress is no doubt largely ruled by the rigidity of the 
principal planes of horizontal girders, which are the upper and 
lower decks of the air chambers in the types of caissons we are 
now considering. 

These decks having to be watertight are plated, and thus 
constitute plate-web horizontal girders of great depth (in most 
cases) in proportion to their span, and having a corresponding 
rigidity, or small deflection under load. 

But the positions of these decks is governed by the dimensions 
and position of the air chamber, and these latter are determined by 
considerations quite apart from those governing transverse strength, 
being ruled by the required buoyancies, and the influences of tidal 
levels, which will vary with every port. 

The usual assumptions, though possibly devoid of mathematical 
refinements, of considering the entire structure as consisting of so 
many horizontal girders, each sustaining its proportion of water 
pressure according to the area exposed and the hydraidic depth, 
and assisted (where the internal arrangements permit) by other 
vertical girders crossing the former at right angles, are found to 
yield practically reliable and safe results, and at least indicate one 
mode of resistance which must be overcome before final rupture 
can take place. 

By whatever mode of analysis the stresses in the entire structure 
may have been arrived at, the practical designer will consider the 
efifects of corrosion upon immersed steelwork and the minimum 
scantlings which should be allowed. 

The conditions of working of a modem dry dock frequently 
lead not imnaturally to the result that the caisson is the last 
floating structure to be cared for and docked. Bepairs are post- 
poned to a convenient period, which is sometimes long in coming, 
and the caisson has, as regards scraping and painting, to take its 
chance, for some yea«. 

Such considerations are obviously opposed to any unnecessary 
refinements in the thinning down of scantlings, although, on the 
other hand, undue excess of weights must be avoided, as demanding 
correspondingly large buoyancies and increase in size of air 
chamber. 

In the examples of caissons now before us the thicknesses of 
plates and bars range from | inch or } inch to | inch, no thickness 
less than the latter being allowed; and, broadly, it may be 
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stilted that from \ inch to ^ inch more metal is allowed than 
merely theoretical requirements would determine. 

There may be, and probably are, examples of this class of 
work in private establishments, where snch a view of the 
maintenance of the life of a caisson or gate is not taken, and 
where considerations of first cost have influenced the selection of 
scantlings on a less liberal scale. 

With these preliminary remarks on the general subject, we 
may now consider in detail certain examples of both classes of 
caissons, floating and sliding, the former being taken first in order, 
being somewhat simpler in construction than its rival. 

The type of caisson shown in midship section in Fig. 398 
consists, as regards its internal arrangements, of five principal 
subdivisions, the lowermost of which, termed the bilge, is open 
to the water, by means of a series of flood openings on one side 
only through the skin, placed below the lower deck of the air 
chamber. 

The bilge contains in its lowermost position, just above the 
keel, the ballast necessary for the stability of the caisson when 
floating, and is so arranged as to be capable of being drained dry 
into the dock when the latter has been pumped out, suitable 
outlets with plugs being provided, the key for opening which can 
only be withdrawn when the outlet is closed. 

Above the bilge the next subdivision to be observed is the 
air chamber. This chamber is of capacity sufficient, when com- 
bined with the buoyancies of all immersed materials, to float the 
caisson, with all weights and ballast on board, at the level of the 
upper deck of the air chamber. 

The level of this upper deck is consequently determined by 
the lowest level of tide at which it is required that the caisson 
shall be capable of being removed from the groove, and by the 
amount of vertical lift necessary to enable the stems of the caisson 
to clear the comers of the groove. The amount of lift required 
will depend upon the degree of batter in the side walls of the 
dock entrance, together with the clearance left between caisson 
stems and back of groove, referred to and shown in Fig. 395. 

If, for example, a lift of, say, 5 feet is necessary before the 
caisson can be safely manipulated out of its grooves, then the level 
of the upper deck of air chamber, being the flotation plane, must 
be 5 feet below the tidal level at which it is determined that the 
caisson shall be worked, and this tidal level will usually have 
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some relation to the depth at which the sill of the dock haa 
been laid. 
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The position of the air chamber having thus been determined 
in the relation of its upper deck to the total height of the structure 
from sill to coping, the yolume of the chamber is then determined 
in accordance with the buoyancy required, and the level of its 
lower deck will follow. 

But the conditions of practical working demand a certain 
stability of the caisson when floating, and practical experience 
has shown that a pendulum of from 1 foot 6 inches to 2 -feet 
6 inches, in accordance with the size and total height of the 
structure, is desirable ; that is to say, that the centre of combined 
buoyancies (C.B.) shall be fix)m 1 foot 6 inches to 2 feet 6 inches 
above the centre of combined weights, or the centre of gravity 
(C.G.) of the caisson when ballasted. This pendulum will be 
reduced if the caisson is worked at any time with the top tanks 
fulL Further reference to these tanks will be made. 

It is thus seen that the capacity and position of the air 
chamber must be such as to meet aU the conditions above 
described, as the amount of ballast required for the stipulated 
stability is frequently considerable, especially where, in con- 
sequence of the relative position of tidal levels and the conditions 
as to floating out, the air chamber is comparatively low down in 
the structure. 

The air chamber will be frequently found to contain scuttling 
tanks, which, being flooded, reduce the buoyancy of the chamber, 
and are usually brought into action when rapid sinking is desired, 
or to counteract excessive buoyancies under certain conditions 
of working. Such tanks must, however, be emptied before the 
caisson can be restored to its normal working condition, and this 
implies pumps, which may be worked by compressed air, electricity, 
or other power, commonly supplemented by hand gear, to be 
applied in case of a breakdown. The weights of all such internal 
machinery must, of course, be taken into the account when 
estimating the combined centre of gravity (C.G.) of the structure. 

In the example before us, the scuttling tanks in the air 
chamber consist of two steel cylindrical tanks or boilers, seated 
on stools attached to the lower deck of the air chamber, stayed to 
prevent any motion consequent upon heeling over of the caisson, 
and so arranged as to be blown out and emptied of their contents 
by compressed air, admitted by suitably arranged pipes, and con- 
nected at the upper deck level by means of flexible high pressure 
hoses to the compressed air mains adjacent on the dock side. 
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Communication between the tanks and the sea is maintained 
at all times by pipes and yalves worked from the upper deck. 

The blowing-out apparatus is associated with hand pumps, the 
latter being used in case of breakdown or failure of the compressed 
air supply. 

The space above the upper deck of the air chamber is sub- 
divided into three compartments, separated by watertight bulk- 
heads ; the central compartment communicates with the bilge by 
two watertight trunks passing up through the air chamber, so 
that the water in the central division will rise or fall with the 
level of the water outside, which is in communication with the 
bilge by means of the flood-holes before mentioned. 

The two end compartments are not in communication with the 
bilge, but are connected by trunks and valves controlled firom 
the upper deck, with the water on the side opposite to the flood- 
holes. These compartments can therefore be flooded to any extent 
desired, and control is thereby obtained over the longitudinal 
trimming of the caisson, should such be necessary. Water 
admitted into the end chambers at a high tide can also be retained 
and locked in, an essential element under certain conditions, or at 
such times as the caisson is turned end for end in the grooves. 

The uppermost deck of the caisson is designed to accommodate 
a mixed traffic of passengers and horses or carts, together with a 
single line of rails calculated for the heaviest rolling load which 
can occur in practice. 

This load has sometimes been taken as high as 72 tons on four 
wheels, having a wheel base of 6 feet 6 inches, and the whole of the 
rail-bearers and cross-girders have been calculated on this basis. 
The remainder of the deck is laid with oak planking, with steel 
wheel tracks and guards for ordinary wheeled traffic, horse treads 
being applied between the rails, while the various trunks and man- 
holes, openings for valve spindles, etc., are covered with movable 
or hinged flaps. 

The groove in the masonry of the dock sides and siU for a 
floating caisson is usually about 4 inches wider than the outside 
width of the keel or stems, and the caisson "fleets" over from 
side to side of the groove by this amount, as the water pressure is 
on one side or the other. See Figs, 394, 395. To provide for 
this movement an automatic switch is usually provided, whereby 
the rails on caisson deck are kept in correct adjustment with those 
on the dock side. 
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In the case of flaps over valve spindles, an automatic arrange- 
ment is frequently adopted whereby any condition of the valves 
below which implies danger to the stability of the caisson by 
reason of a temporary excess of buoyancy (the danger to be the 
most carefully guarded against) is indiciUied by the flap standing 
up, and its inability to be closed until the valves have been 
adjusted to a "safe" position, while such a position of the flap 
acts as a danger signal to the caisson master. 

Handrailing is provided on both sides of the upper deck, and 
is usually arranged to be turned down on the roadway when 
required, so as to be out of the way during warping or docking. 

Immediately below the uppermost deck, but placed as high as 
possible, so as not to be overlapped by the highest recorded tides, 
is constructed the top tank before referred to. The function of 
this tank is to contain a sufBicient amount of water, either salt 
or firesh, as may be convenient, to overcome and destroy the 
buoyancy of all immersed material above the level of the upper 
deck of the air chamber, and it is by the filling or emptying of 
this tank that the caisson is caused to sink into, or rise out of, the 
grooves. 

The tank is usually filled by hose from water mains on the 
dock side, and is emptied by valves controlled from the upper 
deck« 

When a floating caisson has been removed from its groove, it 
is sometimes found convenient, as a saving of time, to fill the 
upper tank prior to warping back again. This may be done, 
providing the stability of the caisson permits, by closing the 
valves to end chambers, thereby providing the additional buoyancy 
required, but adding to the draught of water. 

These valves being opened, when the caisson is in its groove, 
the buoyancy of the end chamber is destroyed and the caisson 
sinks. 

In the type of caisson shown in Fig. 398 the same result can 
be obtained by the admission of water into the cylindrical tanks 
in the air chamber, the valves to end chambers being closed. In 
this case, before the caisson can rise again the contents of the 
cylindrical tanks must be either blown out or pumped up. 

It has been previously hinted that one of the most serious 
dangers to which a caisson can be exposed is a temporary excess 
of buoyancy, whereby an upward lifting tendency is developed. 

This has led to serious accidents in certain cases, resulting in 
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the forcing-in of the caisson and the immediate flooding of the 
dry dock^ and consequent risk of damage to vessels on the blocks. 

Caissons unsymmetrical about their centre line, with a flat side 
to the dry dock, and the whole of their displacement on the tidal 
side, are perhaps most exposed to this risk ; but in all classes of 
caissons the point is deserving of the most careful attention, and 
calculations for buoyancy should always include the worst possible 
conditions as regards the proportion of weight to buoyancy, when, 
for example, the bilge has been drained into a dry dock, and the 
readmission of water into the dock produces a set of conditions 
temporarily out of the normal. 

To meet such contingencies, and to provide for the accidental 
emptying of tanks through leaky valves or the like, holding- down 
straps, bolted to a sufficient mass of masonry at the upper part of 
the side grooves, are frequently adopted, so arranged as to hold 
down the caisson, and provide an anchorage sufficient to supply 
the place of any temporary loss of weight resulting in an excess 
of buoyancy. 

It will generally be found that before a serious excess of 
buoyancy can arise, a difierence of head of water, as between the 
two sides of the caisson, affords an additional safeguard against 
uplifting by reason of friction between the stems and keels of the 
caisson, and the faces of the groove. 

A coefficient of friction, even when derived from careful 
experiments on faces prepared to represent the normal working 
conditions, is, however, likely to become uncertain in its amount, 
if any alteration in the condition of the two faces in contact 
should take place in course of time under the actual working 
condition of immersion in sea water, and instances are not 
wanting where the frictional resistance has been entirely overcome 
by the uplifting tendency of the caissoD. 

It is prudent, therefore, in the designing of these structures 
to ignore the additional safeguaxd due to frictional resistance, 
and to rely upon the ascertained proportion between weight 
and buoyancy, supplemented by the holding-down power of the 
anchorages above alluded to. 

The coefficient of friction between planed greenheart and 
patent axed granite has been ascertained by experiments carried 
out on a full size scale to be about 0*27 for dry timber upon dry 
masonry, and about 0*39 for wet timber upon wet masonry, these 
values representiDg the coefficients in each case for surfaces 
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prepared to represent those actually occurring in practice when 
new, but not exposed to long-continued immersion. 

The calculations necessary for the complete design of both 
floating and sliding caissons^ apart from those required in the 
determination of the transverse strength against water pressure, 
are apt to be lengthy and tedious, as there is no royal road to the 
accurate determination of the centres of gravity and buoyancy, 
and average dimensions derived from existing examples should be 
used with caution, and for preliminary investigations only. The 
whole of the items of riveted steelwork and other materials should 
be carefully calculated for weight, and the lever arms of each 
separate item above some convenient datum plane ascertained, 
and worked out to obtain the sum total of moments about the 
-given plane. From these the centre of gravity of the whole will 
be obtainable, and a similar course is necessary for all buoyancies, 
including immersed material and ballast 

The percentage of rivet heads and points \a an important item, 
and for the heavy class of work customary in caissons with close- 
pitched watertight riveting should be taken as not less than 4j^ 
per cent., while all immersed timber should be calculated at its 
saturated weight, if the gross bulk of the timber be reckoned for 
buoyancy. Hecent experiments on the weight of greenheart, 
American elm, and Dantzic oak, saturated and dry, have yielded 
the following results : — 



TABLE No. 36. 

Weights of Timber, Wet and Dry. 
Greenheart Timber. 

llNkOSS. 

Weight per cubio foot when dry 71 12 

), „ „ after 7 days in water ... 73 5 

„ after 1 month in water ... 74 11 

„ after 2 months in water ... 75 5 






American Elm 

Weight per cubic foot when very dry 57 5 

»» n ), after 7 days in water ... 60 14 

«» n ), after 1 month in water ... 63 12 

19 »» » after 2 months in water ... 65 10 
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Dantzig Oak. 

Ibe. OS. 
Weight per cubio foot when very dry 39 

„ ,, „ after 10 days* immersion 

in water 53 

Subsidiary items, such as paint, protective composition, tar, 
asphalte, cement, and the like, must also be allowed for, as well 
as their displacements. 

A table is given at the end of this section, on p. 403, which 
gives the actual weights of recently constructed floating caissons 
of the type shown in Fig. 398, and of other types differing only in 
the arrangement of internal bracing and in the external contours. 
The examples given are of varying depths over the sills of the 
docks, and the weights given are the totals for riveted steelwork 
and other materials and machinery, but are exclusive of ballast 
of every kind, the amount of which in the examples selected 
ranged in round numbers between 150 and 300 tons, according to 
the conditions imposed by tidal levels and the position of the air 
chamber. 

In order to obtain the measure of stability and length of 
pendulum previously alluded to, it will be found necessary to 
stow all ballast in the bilge at as low a level as possible. 

The conditions of stowage, however, are not favourable to a 
great density per cubic foot, if pig-iron is used, owing to the 
breaking up of the space by reason of the numerous frames, 
diaphragms, etc., found necessary at this point, unless special 
castings to fit the spaces are employed, and it is convenient to 
use a material better adapted to give the greatest possible density 
per cubic foot when in position. The material known as burr 
concrete fulfils these conditions, the principal objection to its use 
being the difficulty of removal when once set hard. This is met 
by not using more than suffices to fill up awkward spaces in the 
constructional work, and to provide a level platform upon which 
the ordinary pig ballast can be stowed without excessive loss of 
space in the interstices. 

The following table gives the results of experiments to ascertain 
the stowage value of pig-iron and other ballast under various 
methods of treatment : — 
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Item. 



1 



TABLE No. 37. 



DeKrtpUooofbftUMt. 



I'' Rough pig-iroD, about 3' G'' in^ 
length, and of ordinaiy section 
^ about 4J' X 4\ laid in rows 
in alternate direotiona, and 
V stowed as close as possible 
rThe same pigs broken into short 
I lengths of 12" and under, laid 
I in rows in alternate directions 
\ and stowed as dose as possible 
The same as No. 2, the inter-^ 
stioes being filled up withi 
. steel burrs J 

Steel punohings (burrs^ alone 
Steel burrs grouted with Port- 
land cement mortar, 1 of 
cement to 1 of sand, and 
rammed (burr concrete) 



Weight per 

cubic foot In 

lln. 



284-05 



287-22 



333-88 
303-0 

3500 



CoUcfeet 

pwtOD. 



7-88 



7-79 



6-71 
7-39 

6-40 



ofioientioea. 



37 



36 



• 27 

38 

Prac- 
tically 
solid 



Burr concrete ballast is composed of the " burrs " or punohings 
from steel plates or bars,^ and when grouted together with Portland 
cement mortar, in the proportion of one of Portland cement to 
one of sand, becomes a dense conglomerate, which with care and 
sufficient ramming can be made to weigh 350 lbs. per cubic foot, 
and is capable of being packed into spaces too confined to admit 
of very close stowage of ordinary pig-iron ballast. 

Although in itself this material forms a protective coating to 
steel, it is usual to prepare the faces of steelwork to receive the 
ballast by a coating of asphalte cement laid on all horizontal or 
vertical surfaces about | inch thick. The composition of this 
cement is further described in Chapter VII. 

> See Chapter III. p. 109. 
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TABLE No. 38. 

The Weights of Material and Machinery in Floating 

Caissons. 



Number 1 
of 



Width of 
dock eDtr«Qce 



example.: •t^P}"^ 



1 

2 
3 
4 
5 



95' 4" 
96' 0" 
96' 0" 
94' 0" 
94' 0" 



Depth of dock 
entrance, 

coping leyel to 
Bill level. 



57' 0" 
5ft' 0" 
47' 0" 
42' 11" 
39' 0" 



Total area of 

dock opening 

to masonry 

outline. 



6163 
4970 
4278 
3796 
3600 



Weight of caisson 

per aqoare foot of 

area of opening, 

excluslTe of 

mschinery and 

ballast 

Tons. 



0-143 
0-145 
0-131 



Total weight of 

caisson per square 

footofareaof opening, 

including machinery, 

but exclusive of 

ballast. 

Tons. 



0149 

0-150 
0133 
0-116 
0111 



Sliding Caissons. — Much of that which has already been 
remarked previously in connection with floating caissons may be 
taken to apply also to sliding caissons, with respect to such items 
as the calculations for centres of gravity and buoyancy, the mode 
of ballasting, the percentage of weight for rivet heads, the trans- 
verse strength, the necessity of carefully providing against an 
excess of buoyancy under all possible conditions, and the method 
of making a watertight joint. 

In respect of the last item, the details of the timber keels and 
facings of the masonry will be similar in kind (see Fig. 397), 
while the arrangements of the roadway over the upper deck, the 
strength of rail girders and bearers for the given rolling load, 
and the switch arrangements for providing an automatic continuity 
in the rails when the caisson fleets over (about 3 inches in the 
case of sliders), will be found generally similar in both types. 

As regards other details of the upper deck, some variation in 
practice is found to occur, due to the various methods employed in 
providing for the hauling in of the caisson underneath the camber 
deck. 

The camber, or recess in the dock side, into which the caisson 
is drawn, is of considerable dimensions, and occupies a space which 
must be decked over so as not to diminish valuable wharfing space, 
and to provide for the continuity of the road or railway across the 
upper deck of the caisson. 

This camber deck is sometimes made a fixed structure, some- 
times partly fixed and partly capable of being lifted, and latterly, 
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in recent examples, has been made to lift for its whole length, 
being hinged at the inner end, and lifted to the required amount 
at a convenient point near its outer end by hydraulic rams or other 
mechanical appliance, in accordance with the nature of the power 
used. 

In the first case, where the camber deck is fixed, the upper 
deck of the caisson, when designed for foot passenger traffic only, 
is sometimes kept low enough to pass under the camber deck 
when hauled in. Where railway and wheeled traffic have to be 
provided for, this method is not applicable, and the caisson deck is 
made to fall and rise by means of special apparatus, deriving its 
power usually from the hauling engines, and acting automatically. 
In these cases the sliding ways or rollers upon which the 
caisson travels are kept level, and the caisson maintains a level 
course throughout its travel. 

Such means of raising or lowering the upper deck of the caisson 
are found to necessitate a considerable amount of top weight, if 
the rolling loads to be carried are considerable, and the scantlings 
of the upper deck correspondingly heavy. 

Another method is therefore sometimes adopted, whereby the 
necessary clearance between the under surface of the camber deck 
and the upper surface of the caisson deck, when in camber, is 
obtained by lifting the camber deck either in part or entirely (as 
previously described), at the same time causing the caisson to 
travel on a descending plane into the recess. 

When the travel of the caisson is completed, and the dock 
entrance completely opened, the camber deck ia then lowered 
on to its bearings, and the wharfage space is left entirely 
unencumbered. 

On the return journey, the camber deck being again lifted, the 
caisson rises up the incline to its normal position across the dock 
entrance, the camber deck is let down, and the line of rails and 
roadway are continuous and horizontal for the entire combined 
length of the caisson and its camber. 

It may be said that the provision of such an incline throws 
greater duty upon the hauling engine, and theoretically this is 
true ; but numerous observations of the actual hauling power 
required show that the additional work done is but a small pro* 
portion of the whole, and will influence the design of the hauling 
gear in only a very minor degree. 

It is, of course, to be understood that in the type of sliding 
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caisson now under consideration, the greater portion of the weight 
of the caisson on the sliding ways or rollers is counterbalanced by 
the buoyancy of the air chamber and that of the immersed 
material. 

The actual surplus weight on the ways or rollers can therefore 
be adjusted by ballasting so as to give the desired amount, which 
should be the least, compatible with general steadiness in working, 
and stability as against overturning moments produced by currents 
on a fcdliDg or rising tide, or temporary small difference of water 
level. 

The frictional resistances caused by this surplus weight on the 
ways, together with the power required to move the entire mass at 
the given speed and to overcome all the resistances of the gearing 
employed, are the measure of the hauling power to be employed. 

The functions of the air chamber, then, in sliding caissons are 
the same as that for floating caissons, and for docking purposes the 
slider is designed to float out of its position at the level of the 
upper deck of the air chamber (the hauling gear having been 
disconnected), and the same measure of stability or length of 
pendulum between centres of buoyancy and gravity is desirable. 

As in the floating caisson so also in the sliding caisson, it is 
sometimes considered advisable to provide in the air chamber 
tanks for use in emergencies, by whose means the weight of the 
caisson can be increased by letting water in without flooding the 
entire air chamber. This also implies the provision of pumps 
worked by convenient power, such as steam, compressed air, or 
electricity, to get rid of the surplus water and restore the caisson 
to its normal working condition. 

Such arrangements are more usual in cases where a large range 
of spring tides occurs, accompanied by exceptionally high tides 
above the normal high water spring tide level. 

One of the most important features of the sliding caisson is the 
mechanism by which the caisson is hauled into and out of its 
camber or recess. 

This is most usually accomplished by a pair of endless chains 
working over sprocket wheels (or drums, in accordance with the 
type of chain adopted) and actuated by powerful engines placed at 
the further end of the caisson camber, in a chamber below coping 
level specially prepared for its reception. 

The motive power of such engines is usually either hydraulic, 
compressed air, or electric, supplied to the engines from some 
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central station equipped with hydraulic pumps and accumulators, 
compressed air pumps and receivers, or electrical generating 
apparatus. 

The detailed design of such engines is somewhat outside the 
scope of these notes, and need not be further alluded to, except to 
state that a liberal margin of power is always judicious, in order 
to deal with contingencies, such as the increase of resistance on 
the sliding ways due to deposited mud, or temporary obstruction, 
or the jamming of the caisson stems and keels against their faces 
by the tidal outflow or inflow of water through the dock entrance. 

With respect to the latter contingency, it must be remarked 
that ample culvert area should always be provided in the masonry 
construction of the dock as an essential feature in the safe and 
proper working of the caisson. A closed dock in direct communi- 
cation with tidal waters will always demand special attention to 
these details, especially if the tidal range be considerable, as if 
insufficient culvert area is provided, the water can neither flow into 
the dock on a rising tide, nor flow out on a falling tide with 
sufficient velocity to maintain the water level on both sides of the 
caisson. 

The resulting small head of water on one side or the other will 
be sufficient, if it exceeds certain limits, to prevent the opening of 
the caisson altogether, or, in a lesser d^ree, to increase the power 
required for, and add a certain amount of risk to, the operation. 

In practice it is found that wliile a caisson may be workable 
with one to two inches diflerence of water level, a difference of as 
much as four inches might render it unsafe to attempt to open the 
caisson. Hence the necessity of a sufficiency of area in the 
culverts, and, it may be added, of a correct hydraulic coefficient 
in the calculations for flow and capacity. To meet any doubt in 
these resi)ects, sluices are sometimes arranged in the body of the 
caissons themselves to supplement the culverts in the dock sides. 
Difficulties of the kind here described are, however, very frequently 
reduced to a minimum by limiting the operation of opening and 
closing the dock entrance within the period of slack water at the 
top of the tide, or, where the depth of sill admits, at low water. 
Sluices have also been provided in caissons for the purpose of the 
removal of mud by sluicing, but such methods are not usually now 
considered the most effective methods of removal of deposit, which 
is more generally dealt witli by dredging operations of the usual 
character. 
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It is desirable that all portions of the hauling maehinery should 
be above high water as far as is practicable, for observation and 
access for repairs. 

This requirement implies that the point of application of the 
hauling force to the caisson body is at a high level above the points 
of resistance at the sliding ways, and the pull on the chains has a 
correspondingly large tilting moment, due to its leverage. This 
tendency to tilt or "kick" must be met either by appropriate 
ballasting of the caisson, or by a reduction in the frictional 
resistance of the sliding ways, or both combined. 

This requirement leads us to some further consideration of the 
details of the sliding ways or roller paths upon which caissons of 
this type travel, and it will be found that a considerable diversity 
of practice exists. 

On the one hand, numerous caissons have been successfully 
handled for years, which simply slide upon the prepared surfaces 
of granite ways or cast-iron plates, the keels of the caisson bearing 
upon the ways being simply sledge runners, while, on the other 
hand, it has been considered necessary to mount the caisson upon 
a continuous series of fixed rollers under water, and in one recent 
modern example so many as forty-four rollers have been thus 
employed. 

In other cases the caisson has been mounted upon wheels, 
travelling upon rails of a suitable section. 

The sledge-runner principle is of an exceedingly simple type, 
not liable to give much trouble, but involving a considerable 
amount of friction to be overcome, while the wear on the steel 
plates has been found to be considerable in the course of years, 
especially at the "toe" or forward end, where the pressure is 
increased by reason of the tilting moment of the hauling chains. 

On the other hand, a multiplicity of rollers with their axles 
and bearings under water, although reducing frictional resistance, 
is open to the objection that difficulty may be caused if the 
bearings should rust up after prolonged immersion. 

In certain recent examples, including some of the largest 
sliding caissons in existence, a combination of the two types of 
the sledge runner and the roller has been designed by the author 
and introduced with success. This arrangement is shown in 
Fig. 399, which is a transverse section of a sliding caisson 
represented by example No. 10 in the table on p. 427. 

The caisson is furnished with a pair of keels, consisting of a 
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flat bar, 9" X 1", couDterennk riveted to steel angles on the akin 
of the caissoD, as abown in Fig. 397. These keels slide upon 
prepared granite ways, as shown, laid at an inclination of one 
in forty. Bat, in addition to the keela, tvo cast-steel rolleis 
are provided on the centre line 
of the caisson, one near each 
end, numing upon a cast-steel 
path laid on the centre line of 
the caisson ways for the entire 
length of its travel, bodi across 
the entrance and in the caisson 
camber. The relation between 
the level of the prepared granite 
ways and the upper surface of 
the cast-steel pathway is very 
carefully adjusted and main- 
tained, so that the three plane 
surfaces are strictly parallel at 
the same inclination, and at a 
certain fixed distance apart 
vertically (see Fig. 399). 

The rollffls are operated 
upon by a paur of hydraulic 
nuns, placed one near each end 
of the caisson. These rams are 
worked by pumps and manual 
labour at that end of the caisson 
farthest from the hauling en- 
gines, while valves are attached 
to the pumps so as to enable 
the pressure to be placed upon 
the rollers alternately, or, if 
necessary, on both at once. 
Thus, if the caisson is being 
hauled into the camber, the 
cylinder nearest the hauling 
engine (the forward cylinder for 
the time being) is subjected to hydraulic pressure, and the caisson 
keels are lifted by a small amount (about ^ inch to | inch) off 
the granite ways, the whole weight being sustained by the roller 
and central pathway. 




Soala 1 inch = 10 feet. 



MILD STEEL AND IRON IN MARINE ENGINEERING. 409 

By the whole weight is, of conrse, understood only the surplus 
of weight over the buoyancy of the air-chamber and the immersed 
materials, an amount which will vary with the state of the tide 
and the weight of water in the upper tanks. 

- By these means the sliding friction of the keels is converted 
into the rolling friction of the roller, and the result is a large 
diminution of pull in the hauling chains, a corresponding reduction 
in the amount of the tilting moment, and a saving of wear and tear 
upon engines and gearing. 

As the after roller has no weight upon it, or only as much as 
may be deemed desirable without lifting the caisson, the keels at 
the after end remain in contact with the granite ways, and the 
caiBSon being supported on three points is stable, roughly 
resembling the condition of a wheelbarrow when being pulled 
along with its l^s upon the ground wheel foremost, the friction 
of the keels at the after end being, however, reduced by that 
proportion of the weight which is taken by the after roller. 

On the return journey these conditions are reversed, end for 
end, the pressure being released from the roller nearest the hauling 
engine (the after roller for the time being) is transferred to the 
now forward roller, cmd the same results ensue, while the alteration 
in the conditions is obtained simply by the turning of a valve, 
together with any additional pumping up of the rams required by 
leakage, etc. 

At the close of either journey both cylinders are relieved from 
pressure, and the caisson then settles down upon its keels and upon 
the granite ways, the rollers and central path being relieved of 
their duty. On this principle there are only two rollers to be kept 
in order, and the examination and repair of them is provided for by 
the arrangement of the hydraulic cylinders. By an adjustment of 
the valves above mentioned, the pressure can be transferred to the 
under side of the rams, and the rollers lifted off their pathway to 
the level of the lowermost deck of the caisson, where access can 
be had to them by divers, the stroke of the rams being made 
suflBciently long for this purpose. 

Arrangements are also made by which the rollers can, if 
required, be detached, hoisted to the uppermost deck, and landed, 
without docking the caisson. 

In Figs. 400 and 401, sections through various portions of the 
caisson are given, and Fig. 402 is an end elevation. Fig. 401 shows 
the general system of internal cross-bracing, forming a series of 
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vertical girders, sqoare to the planes of the solid plate girders which 
form the watertight upper and lower decks of tiie air chamber. 

The ceotial cast-steel roller path shown in Fig. 399 is further 
shown in detail in Fi^. 403 and 404, Fig. 403 being a (soaB-section 
of the casting, showing its attachment to the bed stones, the 
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holding-down bolts being run with lead. Fig. 404 shows a plan 
and side elevation of one length of the roller path. 

These castings are in lengths of 9 feet 7 inches, a dimension 
which experience in the foundry proved to be satisfactory for this 
section and material. 
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The lengtlis of roller path we machined on the upper and 
bearing surfaces, while the ends are machined by a special tool to 
the bipdsmoutli joint shown in the figure, this form of joint being 
adopted in order to mitigate the shock of the concentrated rolling 
load in passing over the joint from one length of path to the next. 




The quality of cast steel from which these castings are made is 
well shown by the results of numerous tests in the table of tensile 
and bending tests on cast steel bars, p. 69. The test bars were 
cast with the lengths of roller path, and cut off after annealing for 
testing purposes. 
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The bolt-holes at joints are bored, and bolts turned, with the 
object of obtaining as rigid a connection between the lengths as 
possible. 

The width of tread of the cast-steel roller travelling over the 
path is 6 inches on the flat, and the upper surface of the path 
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FiO. 403. 
Scale li inch = 1 foot. 



is 9 inches on the flat, so that the fleeting of the caisson through 
the allowed space of 3 inches is provided for, the edges of the 
roller being rounded. 

The details of the roller are given in Figs. 405, 406, 407, 408, 
Fig. 405 being a side elevation, 406 a part front elevation and part 
section, 407 a plan, and 408 a sectioned plan of part of the wheel 
casing. 
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The roller is 2 feet 6 inches diameter, with a total width of 
6J inches, turned true on its circumference and bored for steel 
spindle. The pressure of the hydraulic ram is brought upon the 
roller spindle by means of the casting shown, which partially 
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encases the wheel, the upper surface, being shaped to a semi-spherical 
seating, receiving the lower end of the hydraulic ram similarly 
spherical shaped, as shown in Fig. 406. 

The entire apparatus is provided with gun-metal guides, 
attached to the riveted steel framework of the caisson, for the 
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purpose of lifting the roller as above described. India-rubber 
scrapers are attached to the casting fore and aft of the roller to 
remove mad or other obstacles from the pathway. 

The hydrauUc cylinders themselves are of an ordinary type, 
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.^*FiG. 407. 
Scal6;j|inoh = 1 foot 

of cast steel, lined with gun metal, the net internal diameter of 
the^cylinder being 13 inches, and the diameter of the upper portion 
of the piston rod 4 inches, the lower rod being 5 inches diameter. 
The upper end of the rod is provided with lock nuts, capable of 
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Fig. 40& 
Scale ) inch = 1 foot 



adjustment so as to limit the amount by which the caisson keels 
could be lifted off their ways, a surplus amount of stroke of ram 
being provided to meet any possible settlement of the roller path. 
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Numerous tests of the oast steel used in the laann&cture of the 
rollers and hydraolic ram cylinders will he found on p. 71 in the 
table of tensile and bending tests on cast steel bars. 

A mud scraper is provided at both ends of the caisson on both 

Out d^\fi^ i^ 
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granite keelways, placed athwart the ways. This consists of a 
steel casting arranged, aa shown in Fig. 409, to receive a 2-inch 
thick elah of vulcaaised india-rubber. 

Handrailing to sliding caissons is usually arranged to act 




automatically, by means of lever arrangements of bars and conntei^ 
balance weights, so that upon the caisson being set in motion to 
enter the camber, the whole of the handrailing commences to fall 
into troughs prepared for the purpose, and remains stowed away 
until the end of the return journey, when it is caused to resume 
its vertical position by the power of the hauling engines. 
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The hauling chains of eliding caissons are sometimes of 
ordinary link or etud-link chain, vonnd on barrels and supported 
by rollers at interrsla. A superior mechanical arraDgement, 
though perhaps more expensive, is found in the use of the type of 



chain shown in Figs. 410 and 411, Fig. 410 being an elevation of 
one link, Fig. 411 a detail of pin connection, and Fig. 412 a detail 
of the screw coupling for the purpose of the adjustment of length, 
and for the taking up of preliminary stretch in the chain. 

Chains of tMs type have been used for sliding caissons having 




Fia. 112. 
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a total mass to be hauled of 1100 tons, inclading ballast. Two 
chains are employed, one on each side, each chain consisting of 
two links, each link having a section of 3" X J" at the waist of the 
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link. The total coUective sectional area of the two chaina avail- 
able for pull ifl tberefore 10'5 square inches, and the chains are 
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Fig. 414. 
Bole 1 tDdt = 1 foot. 
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designed for a maximum workiag hauling power of 70 tons on the 
two chains. 
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The chains are endless, passing over two sprocket vheels, one 
at the forward end of the caisson camber and one at the engine 
end, actuated by the engine gear. The sprocket wheels of cast 
iron are shown in Figs. 413, 414, 415, 416, and the massive casting 
supporting the outer sprocket wheel and attached to the masonry 
of the side of the camber is shown in Figs. 417, 418. 

The chains are supported for the whole of their length between 
the sprocket wheels by cast-iron girders, shown in Figs. 419, 420, 




Fio. «7. 
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supported by caat-iron brackets, as shown in Fig. 421, attached to 
the caisson camber walla, the upper surfiuse of the girder upon 
which the chains travel being machined. 

The chain links, pins, and nuts are of mild steel. Tests of the 
material employed will be found in the table of the strength of 
steel for special purposes, p. 46. The edges only of the links are 
machined, the flat sides being left with a flat surface aa they come 
firom the rolls. The holes for pins are drilled carefully to gauge, 
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and the pins made a close fit in the holes. The nuts are drop- 
forged and machined on meeting face only, made a tight fit on the 
screwed portion of the pin but without gripping the links, which 
are free to turn when revolving round with the sprocket wheels. 
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Care is taken in shaping the teeth of the wheels to avoid any 
possibility of the links riding up. 

The whole of the chains are each tested to a proof load of 
40 tons in separate lengths of from 110 to 118 feet, the tests 
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being made by an hydraulic ram and the pull ascertained by a 
dynamometer. 

Upon the application of the first pull on the chain, which 
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Fig. 419. 
Scale I inch = 1 foot. 

involved tensile stresses gradually increasing from zero to 7*6 tons 
per square inch on the section of the waist of the link, a residuary 
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Fig. 420. 
Scale ) inch = 1 foot. 



permanent set was always found upon the removal of the load, 
amounting on the average to 0011 of the length of chain tested 
(about 110 to 118 feet). 
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When the chain was Bgain pulled for the Becond and third 
time no further permanent set was observed, and the extensions 
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of the chsin were fts followB, being the averages of a cousideiable 
namber of observations. It will be Doted that the average exten- 
sions are not exactly proportional to the increments of stress. 
They are, however, given as observed. 



TABLE No. 39. 

Obberved Extensions of Haulino Chuns undeb Tensile 
Stbbss. (10" Links.) 



KtlDlon.. itawl 


TMOtkMtMip-iqunliMbn. 


-sr.flss" 


UrinVHolk... 


■MUM of tU W.M of tt* llBk. 


5 


0-952 


0-00030 


10 


1-904 


000057 


16 


2-867 


O-00O80 


20 


3-809 • 


0-00103 


26 


4-762 


0-00126 


SO 


5-714 


0-00137 


86 


8-666 


0-00166 


*0 


7-619 


0-00191 



The modulus of elasticity for a wall-cocstrncted chain of this 
type, with carefully fitted connections, and as little play between 



pins and holes as good workshop practice will admit of, within a 
range of from zero to 76 tons per square inch, and composed of 
links with a length of 10 inches centre to centre of pins, is conse- 
quently about 8,950,000 lbs. when the preliminary stretdi has 
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been taken out of it^ and when the stress on the chain is about 
one-fourth of the ultimate strength of the material. 

A chain of similar construction, 9 inches from centre to centre 
of link pins, used in the hauling of caissons of smaller dimen- 
sions, and of which details of the links are given in Figs. 422, 423, 
tested in a manner similar to that above described, gave the 
following results : — 



TABLE No. 40. 

Observed Extensions of Hauling Chains under Tensile 

Stress. (9" Links.) 



TntAl Inntl In Innfl fiamml 


Tendle ttresfl per tqnare Ineh 




aod third appUcaUons. 


on section of the waiat of 
the link. 


Extension. (Length of chain — unity. ) 


5 


1-08 


0-000354 


10 


2-17 


0-000667 


15 


3-28 


0-000900 


20 


4-35 


0-001180 


25 


5-44 


0-001402 


30 


6-53 


0-001640 


35 


7-61 


0-001948 



The permanent set on the first application of the load was 
about 0-00102 of the length of the chain (111 to 118 feet). The 
modulus of elasticity derived from the second and third applica- 
tions, the preliminary stretch being taken out of the chain, is 
about 8,750,000 lbs. for a chain of 9-inch links, centres of pins, or 
somewhat less than before. 

The total mass to be moved in this case was about 750 tons, 
including ballast, and the chain was designed for a working pull 
of 50 tons on the two chains. 

The elasticity of long chains of this type should be carefully 
borne in mind in the design of all machinery details liable to be 
afifected by the extension under load. 

The attachment of the hauling chains to the bodies of the 
caissons is effected by means of a yoke girder. This yoke girder, 
which travels on wheels upon the rectangular steel bars shown in 
section in Fig. 421, is attached at its centre to the caisson by a 
massive steel hauling bar, designed to act either in tension or 
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compression, for pulling or thrusting, and provided with india- 
rubber washers to mitigate shock, while provision is made for the 
fleeting of the caisson from side to side. By these means the pull 
on the chains is equalised, the connection of the yoke girder with 
the chain being shown in Figs. 424, 425, a massive steel foiging 
attached to each end of the yoke girder engaging with the hauling 
chain in the manner shown by dotted lines. 

The following table (No. 41) gives the weight of the bodies of 
sliding caissons, exclusive of machineiy and ballast, and inclusive 
of machinery but exclusive of ballast, derived from recent examples. 
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The machinery referred to is only that included in the bodies of 
caissons themselves, principally connected with pump-work, 
valves^ etc., and has no reference to any portion of the machinery, 
such as engines, hauling chains, or other gear, connected with 
the hauling of the caisson into or out of its position across the 
dock entrance. 

This latter machinery, being fixed on land, has no influence on 
the design of the caisson as a floating body. The weights given 
are inclusive of all riveted steelwork and other ironwork, timber, 
paint, asphalte, cements, or other material. 

Examples Nos. 4, 5, and 12 are provided with sluices to aid in 
the regulation of water level on a rising or falling tide alluded to 
on p. 406. 
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TABLE No. 41. 
The Weights of Sliding Caissons. 



No. of 
ezMDple. 


width of dock 

entranoeat 

ooping leyel. 

96' 0" 


Depth of dock 
entnoca, 

coping lerel t« 
•lUlwreL 


ToUl area of 
dock opening 

tomaaoory 
oatline. 

Square feet. 

4970 


Weight of body 

ofcataeonper 

square foot of 

area of opening 

excloaiye of 
machinery and 
ballast Tons. 


Weight of body of 
caisson per rqaare 

foot of area of 
opening Including 

machinery* but 
exdoslTe of 

ballast Tons. 

• 


1 


56' 0" 


0-164 


0-162 


2 


96' 0" 


65' 0" 


4970 


0154 


0-162 


3 


96' 0" 


66' 0" 


4970 


0-154 


0-162 


4 


96' 0" 


56' 0" 


4970 


0-156 


0-164 


5 


96' 0" 


66' 0" 


4970 


0-156 


0-164 


6 


96' 6" 


49' 0" 


4462 


0-118 


0-122 


7 


96' 0" 


46' 6" 


4224 


0-120 


0-124 


8 


95' 0" 


46' 6" 


4224 


0-120 


0-124 


9 


95' 0" 


46' 6" 


4224 


0-120 


0-124 


10 


96' 0" 


43' 6" 


3974 


0-124 


0131 


11 


96' 0" 


43' 6" 


3974 


0-124 


0-131 


12 


96' 0" 


43' 6" 


3974 


0-127 


0-136 



CHAPTER VI r. 

THE PROTECTION OP STEEL SURFACES PROM CORROSION. 

Qenenl reniarki — ^Tbe dostructive eifeota of oxidation — ^Dednbility of ao ex- 
hanatire inquiry into the beet methods of protection and the relatiTo 
eificienoiet of yarioni coatings — Eifects prodaced bj looomotiye gases and 
other agencies — Inflnenoe of these oonsideiations npon certain types of oon- 
stroction— Inaooessible positions — ^Durability of foundation bolts, and the like, 
of marine struotores— Attrition of shingle — Mill scale and its removal— The 
process of pickling mild steel— Proportions of acid bath— Tanks— Period of 
immersion — Subsequent processes— Coating of boiled oil— Analyses of boUed 
linseed oil — ^First ooat of paint — Oxide of iron paint — Analyses of oxide of iron 
paint— Analyses of lead colour or grey paints. 

The destructive effects of oxidation upon the surfaces of metallic 
structures must necessarily engage the most careful consideration 
of the designer, and as our experience of the life-histoiy of such 
structures increases and enlarges with the lapse of time, it becomes 
increasingly evident that the neglect of such precautions as are in 
our power must have a serious effect in shortening the period of 
time within which a metallic structure, such as a steel girder or 
roof principal, can maintain its working efficiency. 

The powerful influences of oxidation in structural iron or 
steel work are everjrwhere in evidence, while the relative pro- 
tecting efficiency of the various preservative coatiugs used can 
only be determined by the lapse of time, and a careful comparison 
of the conditions under which they are used ; and notwithstanding 
the number of coatings which are in the market^ an exhaustive 
inquiry into their relative efficiency and the best possible means 
of protecting steelwork is still required. 

The rapidity with which oxidation can be set up in any 
structure varies so much with circumstances that it is impossible 
to give any general rule or estimate by which to calculate its 
probable effects. 
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As an example, we have no difficulty in observing the very 
destructive effects produced by the gases issuing from a locomotive 
funnel. Such structures as the lower member of the wind screen 
at the end of a railway station, placed immediately over the 
position usually occupied by the engine when standing, and 
consisting, it may be, of angles and lattice bars of light scantling, 
have been wasted to destruction, while the webs of plate girders in 
similar positions have had large holes eaten right through in a few 
years. 

The webs of plate girders in promenade pier construction at 
the point of junction of the girder with the pier decking have also 
been known to be eaten through into holes, and the plane of 
junction of the metallic structure of highway road bridges with 
the surface of the road or footways appecurs also peculiarly liable 
to the destructive attacks of oxidation or electrolysis, combined 
with the chemical effect of the impurities of roadway drainage. 

It is, unfortunately, frequently the case that the parts most 
affected are precisely those least able to be reached by the 
painter's brush, and least liable to be detected, and this consideration 
has some force with respect to various details of construction 
which are, from every other point of view, desirable and efficient. 
For example, it is frequently found convenient to frame the upper 
and compressive member of a roof truss with two angles in place 
of one tee, or similarly the bracing members, or even the tie bars, 
when they are flats or eye bar links. Such construction is 
attractive in several ways. Connecting plates are easily inserted, 
rivets are in double shear, and the whole detail works out neatly. 
But it is to be feared that when the time comes round (often too 
long delayed) for repainting, those surfaces which are too close 
together to be conveniently reached by the paint brush will be 
neglected, unless special precautions be taken to ensure that they 
receive their fair share of the protective coating. 

A similar example on a larger scale may be found in the 
tension diagonals of large lattice girders, frequently formed of two 
separate flat bars placed close together, or nearly so, but not so 
close as to prevent the entrance of moisture, which gradually 
trickling down, and perhaps also led by capillary attraction, sets 
up a powerful oxidising action between the surfaces, to such an 
extent as in course of time to swell the bars by an excessive 
accumulation of rust out of their true line, and, while reducing 
their cross-section, also adds to the stresses in action in the bar. 
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An instance of this is to be found in a well-known metropolitan 
bridge, where it has been found necessary to tack the bars together 
by rivets or bolts, and otherwise to render the surfaces watertight. 

It would appear desirable in such cases so to tack the separate 
bars together at the edges as to render the interior surfaces as far 
as possible impervious to moisture, while the effective sectional 
area in tension need not be reduced to any greater extent than 
would ordinarUy occur in the riveted connection at the ends of 
the bar. 

The interior surfaces of riveted box girders and of certain 
sections of riveted columns are obvious examples of construction 
where the paint brush can never recu^h, unless the closed cell be of 
sufficient dimensions to admit of the working inside of man or 
boy. This can be realized in the design of large box girders, say, 
of 60 feet and upwards, and in such instances covered manholes 
are sometimes provided for access. 

It is so far satisfactory to find that in small box girders, 
inaccessible inside, where the ends are practically hermetically 
sealed and the entrance of moisture- or impure air prevented, 
experience appears to show that few signs of deterioration are to 
be found after the lapse of some years. 

The imbedding of ironwork in Portland cement or concrete 
also tends to preservation, although much depends upon the 
amount of close contact actually obtained and the adhesion 
between the surfaces. 

The durability of foundation bolts, rag bolts, and the like 
depends largely upon this, and there can be no doubt that the 
condition of much iron and steel work in such situations is greatly 
a matter of speculation. 

In all probability in respect of the great mass of iron and steel 
structures now existing, a future generation of engineers and 
architects will not lack employment in their renovation or repair. 

The durability of iron and steel work in certain marine structures 
is frequently very powerfully influenced not only by corrosion, but 
also by the erosive action of sand or shingle. The cast-iron piles 
of promenade piers, where exposed to the action of shingle set in 
motion by tidal or wave action, are sometimes found to be seriously 
affected thereby, the scouring nature of the shingle or sand 
producing effects even more serious tha^ oxidation. The same 
may be said of outfall sewer pipes and the like. Probably the 
best protection in these cases is a substantial coating of Portland 
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cement mortar or concrete. Boman cement is also used for the 
same purpose. 

The protection of steel surfaces commences, or at all events in good 
work ought to commence, at a very early period in the construction. 

Plates and bars are, as a rule, delivered in the girder or roof 
builder's yard in the condition in which they come from the rolling 
mills, that is to say, with no protective medium on their surfaces, 
unless the thin greyish-black scale, called mill-scale, which is 
formed during the processes of rolling, and is loosely attached to 
their surfaces, can be so called. 

This scale, which occurs in thin flakes, is but slenderly attached, 
and can be more or less easUy removed. As a consequence, paint 
applied to such a surface is not unlikely to come ofiT with the scale, 
leaving bare places unprotected and exposed to oxidation, although 
in work where the process of " pickling," now to be described, is 
not used, the paint and the scale probably get mixed up to a certain 
extent together, unless the surfaces are carefully scraped before 
painting, which should be the case when pickling is not employed, or 
if the process of cleaning by means of the sand blast is not adopted. 

Where the class of work requires the complete removal of this 
scale the process of " pickling " is frequently adopted, and it is 
possibly the absence of this precaution which has, in some cases, 
led to complaints as to the premature oxidation of mild steel. 

The process consists in the immersion of the steel plate or 
bar in a bath of diluted acid, commonly specified to consist of 
one part of hydrochloric acid to nineteen parts of water. This 
liquid is contained in timber tanks of substantial construction, 
and of dimensions suitable to the largest plate or longest bar to be 
dealt with. Plates should not be laid flat upon one another 
when " pickled," but retained in a vertical position, with sufficient 
space between each. For this purpose tanks for plates are fre- 
quently fitted with racks at the ends, into which the plates are 
dropped, and thus held upright, the handling of the plates being 
also facilitated. 

Bars are laid horizontally and loosely together. The action of 
the dilute acid upon the surface of the plates or bars is accompanied 
by the ebullition of a considerable amount of gas, which rises to 
the surface of the liquid in numerous bubbles, large and small, 
and this ebullition is a measure of the proper activity of the bath. 

After an immersion which may average from seven to fourteen 
hours, according to the freshness or activity of the bath, and 
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governed to some extent by the time of year, the bath being 
somewhat more active in summer time, the plates or bars are 
hoisted out of the bath, and thoroughly washed with pure water 
by means of a hose. They should then be stacked until they are 
required for the further shop processes of marking off, punching 
or drilling, shearing, etc. 

The student will observe, in passing, the effect produced upon 
wrought-iron chains which have been immersed in the acid for a 
considerable time, in laying bare and bringing to view the fibrous 
nature of this material. 

The surfaces of the plates or bars, when properly pickled, after 
removal from the bath, will be found clean and smooth to the 
touch, and free from all appearance of scale, but will soon take on 
the appearance of premature oxidation, with an evenly distributed 
thin light yellow rust when exposed to the weather and not further 
protected. 

In order to prevent this, and for the protection of the material 
during the period, often of considerable length, occupied in the 
various shop processes of conversion into riveted work, and during 
which time the plates or bars are often exposed in the contractor's 
yard to all the vicissitudes of weather, it is frequently specified 
that the whole of the steelwork shall be covered with a coating of 
boiled linseed oil, which is brushed on, and if of proper quality 
will be found in about twenty-four hours to have dried to a tough 
film, forming an effective preliminary and temporary protection until 
such time as the first coat of paint can be applied. Manufacturers 
will occasionally object to this process on the grounds of the 
slippery nature of the coating making the handling of the plates, 
etc., somewhat difficult ; but it may be argued that the advantages 
counterbalance the objection. 

The following analyses of boiled linseed oil, made as samples 
of the oil actually used in extensive contracts and used for pro- 
tecting steelwork in the manner above described, will be found of 
interest as showing what chemical composition should be looked 
for, and the variations which will occur in ordinary practice. 

Chemical analyses of samples of boiled linseed oil — 

(1) Specific gravity at 60** Fahr 0-947 

Mineral acid ... Nil 

Unsaponifiable matter ... ... ... 1*390 per cent. 

zxSJQ ... ... ... ... ... U'UoU „ 

This sample dries well when exposed on glass. 
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(2) Specific gravity at 60° Pahr. 0-946 

Mineral acid Nil 

TTiiBaponifiable matter 1*20 per cent. 

aSlBJI ••• ••• .<• ••• ••■ V Ov yf 

When exposed on glass in a thin film — 

1. At 60"* Fahr. ... Dried to a hard tough film in 24 hoars. 

2. At 100° Pahr. ... „ „ 16 „ 

(3) Specific gravity at 60° Pahr 0*942 

Mineral acid ... ... Nil 

Unsaponifiable matter 1*18 per cent. 

ASn ... ... «.. ... ... U *!i^ 19 

When exposed on glass in a thin film — 

1. At 60° Pahr. ... Diied to a hard tough film in 24 hours. 

2. At 100° Pahr. ... „ „ 16 „ 

(4) Specific gravity at 60° Pahr 0*946 

Mineral acid Nil 

Unsaponifiable matter 1*90 per cent. 

ASn ••• ... ... ... ••• it'Jta ly 

When exposed on glass in a thin film — 

1. At 60° Pahr. ... Dried to a fairly hard tough film in 24 hours. 

2. At 100° Pahr. ... Dried to a hard tough film in 16 hours. 

This analysis shows the sample to contain a good deal of " foots/' 
but it is otherwise of satisfactory quality. 

(6) Specific gravity at 60° Pahr 0*943 

Mineral acid Nil 

Unsaponifiable matter 0*42 per cent. 

•A.sn ... ... ... ... ,., \j*\ju ^1 

'\Vhen exposed on glass in a thin film — 

1. At 60° Pahr. ... Dried to a hard tough film in 24 hours. 

2. At 100° Pahr. ... „ „ 16 „ 

The above figures show this sample to be of satisfetctory quality. 

(6) Specific gravity at 60° Pahr. 0*962 

Mineral add Nil 

Unsaponifiable matter 1«19 per cent. 

Asn ... ... .,, ,., 2*70 9, 

2 V 
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When exposed on glass in a thin film — 

1. At 60^ Fahr. ... Dried to a somewhat sticky but fairly 

tongh hard film in 24 hours. 

2. At 100" Fahr. ... Dried to a hard tough film in 16 honrs. 

In this sample the speoifio gravity and the percentage of ash are 
unduly high, and the drying of the oil not wholly satisfactory. 

(7) Specific gravity at 60° Fahr 0*946 

Mineral add ... ... ... ... Nil 

Unsaponifiable matter 4'28 per cent 

j^Lon ... •■• •■■ •■• ••• ^ mnj yy 

When exposed on glass in a thin film — 

1. At 60"" Fahr Sticky after 24 hours. 

2. At 100" Fahr Somewhat sticky after 16 hours. 

The analysis shows this sample to be adulterated and to contain 
a large amount of ** foots." 

(8) Specific gravity at 60" Fahn 0-949 

Mineral acid Nil 

Unsaponifiable matter 4'88 per cent. 

^V.8Il .■• ... ,.• ... ... \j Uo „ 

When exposed on glass in a thin film — 

1. At 60" Fahr. ... Failed to dry in 24 hours, very sticky film. 

2. At 100" Fahr. ... Dried to a fairly tough but slightly sticky 

film in 16 hours. 

This analysis shows the sample to be also adulterated. 

(9) Specific gravity at 60" Fahr 0-946 

Mineral acid ... Nil 

Unsaponifiable matter 0*96 per cent. 

^^BH ... ... ... .... .•■ vr ^4 II 

When exposed on glass in a thin film — 

1. At 60" Fahr. ... Dried to a hard tough film in 24 hours. 

2. At 100" Fahr. ... „ „ 16 „ 

The above analysis shows the sample to be of satisfactory quality . 

(10) Specific gravity at 60" Fahr 0*945 

Mineral acid Nil 

Unsaponifiable matter 1*09 per cent. 

^^n ... ••. ... ... ,,. \}*^4 •• 
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When exposed on glass in a thin film — 

1. At 60'' Fahr. ... Dried to a hard tough film in 24 hours. 

2. At 100° Fahr. ... „ „ 16 „ 

(11) Specific gravity at 60"* Fahr 0*946 

Mineral acid Nil 

Unsaponifiable matter 1*05 per cent. 

AJLBU ... .1. ... ■•• ... V/vX yy 

When exposed on glass in a thin film — 

1. At 60° Fahr. ... Dried to a hard toagh film in 24 hoars. 

2. At 100° Fahr. ... „ „ 16 „ 

(12) Specific gravity at 60° Fahr 0-947 

Mineral acid ... ... ... ... Nil 

Unsaponifiable matter 1*17 per cent. 

ASn ... .*• ... ••• ••• U aO yy 

When exposed on glass in a thin film — 

1. At 60° Fahr. ... Dried to a hard tough film in 24 hours. 

2. At 100° Fahr. ... „ „ 16 „ 

This sample of satisfactory quality. 

(13) Specific gravity at 60° Fahr. 0*943 

Mineral acid ... ... ... ... Nil 

Unsaponifiable matter 1*09 per cent 

x^sn ... ... ... ... ... uv/f }y 

When exposed on glass in a thin film — 

1. At 60° Fahr. . . . Dried to a hard tough film in 24 hours. 

2. At 100° Fahr. ... „ „ 16 „ 

These results show the sample to be of a satisfactory quality. 

(14) Specific gravity at 60° Fahr. ... ... 0*950 

Mineral acid Nil. 

Unsaponifiable matter ... 1*28 per cent. 

ASn ... ... ... ... ... \j*^M yy 

When exposed on glass in a thin film — 

1. At 60° Fahr. ... Dried to a hard tough film in 24 hours. 

2. At 100° Fahr. ... „ „ 16 „ 
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The preliminary processes of construction having been com- 
pleted, and the various plates and bars having gone through the 
operations of shearing, straightening, planing, punching or drilling, 
and the like, the assemblage of the parts in the contractor's yard 
and putting together with service bolts commences, and at as early 
a stage as is possible the temporary coating of boiled oil should be 
superseded by the first coat of paint In some specifications it is 
laid down that the oil coat should be carefully scraped off before 
the first coat of paint is applied. It is doubtful to what extent 
such a stipulation is usually complied with, nor does it appear to 
be of great moment. 

The first coat of paint has usually to do duty as a protective 
medium for a considerable period of frequently indefinite duration. 
Some time may elapse, for example, before the material temporarily 
erected in the contractor's yard is finally put together on the site, 
and in the interim much exposure to weather may take place, 
transhipment by sea and the accompanying possibilities of damage 
by salt water may ensue, while a good deal of rough usage in the 
various operations of loading up and unloading may be expected. 
Against all these contingencies the first coat is a valuable 
preservative. 

Among the various and numerous paints recommended or used 
for the protection of steelwork, none is perhaps more generally 
considered as one of the best, or at all events more frequently 
employed, than the well-known oxide of iron paint 

Other paints, for more or less decorative purposes, are not here 
under consideration, the practical question before us being simply 
protection from corrosion and decay. 

This paint gives rise to the familiar reddish-brown or chocolate 
colour which characterizes the appearance of much structural steel 
and iron work, although there are frequently cases in which, for the 
purpose of maintaining as uniform a temperature as possible, and 
to avoid absorption of the sun's rays, a white, stone colour, or light 
grey, paint may be used. 

The following chemical analyses of oxide of iron paints, made 
as samples of the paints used in extensive contracts for con- 
structional and other classes of steelwork, will be found instructive 
as to their composition, while the variations are such as may 
be expected to arise in practice in the use of paint of good 
quality. 

Analyses of red oxide of iron paint — 
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(1) 



(2) 



(3) 



(4) 



SLnble «^o^ Matter Z 

Ferrio oxide (PejOa) 

Caldnm carbonate (CaCOs) 

Magnesia (MgO) 

Sulphurio anhydride (80,) 

Combined water, alkidieB, and loes 



Per cent. 

41-23 
4-72 

45-31 
4-39 
0-08 
1-67 
2-60 









100-00 








Per cent. 


Vi/U ••• ••• ••• ••• 


... 


... 


16-86 


Jnsolnble siliceous matter ... 


... 


... 


8-05 


Ferric oxide and alumina (Fe^O, 


andAlfO,) 


65-41 


Calcium carbonate (CaCO,) 


... 


... 


5-10 


Magnesia (MgO) 


... 


... 


0-76 


Combined water and loss ... 


... 


... 


3-82 


• 


100-00 








Per cent. 


Vy IX ... ... ••• *•• 


... 


... 


14-66 


Insoluble siliceous matter ... 


... 


. • • 


7-90 


Ferric oxide 


... 


... 


68-07 


Lime ... 


... 


... 


2-94 


Magnesia 


».. 


... 


0-49 


Sulphuric anhydride 


... 


... 


0-78 


Combined water and loss ... 


... 


... 


516 




100-00 








Per cent. 


>_/Xa ... «•. ... ... 


... 


... 


1518 


Insoluble siliceous matter ... 


... 


... 


6-67 


Ferric oxide 


... 


... 


71-101 


Lime... 


... 


... 


2-26 


Magnesia 


... 


... 


0-60 


Sulphuric anhydride 


... 


... 


0-25 


Combined water and loss ... 


... 


... 


3-94 



100-00 



> GorrAponding with 83*82 per cent of ferrio oxide calonlated on the dry 
pigment. 
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(5) 



\J»A •«• ••• ••• 

Inaoluble silioeoiifl matter 
Barium snlphate ... 
Ferrio oxide 
Caloinm carbonate ... 
Magnesia 

Salphnrio anhydride 
Combined water and Ices 







Per OBDt. 






... 14-98 






6-69 






1-73 






... 70-40 






3-79 






0-34 






0-09 






1-98 



100-00 



The following are analyses of lead colour or grey paints used 
for constructional steelwork and for machinery : — 
1. Analysis of a sample of lead colour paint — 



Per oent. 



V/AX ... ..« ... ... 




... 23-83 


Basic lead carbonate 




... 72-42 


Carbon 




0-08 


Insoluble residue (Ba804) ••• 




2-74 


Calcium carbonate (CaCOs) 




0-93 



This sample accepted. 

2. Analysis of a sample of lead colour paint — 



100-00 









Per cent. 


Vi/IA .a. ••• ••• 




••• 


... 29-86 


Barium sulphate ... 




... 


2-37 


Basic lead carbonate 




... 


... 62-21 


Calcium carbonate ... 




... 1 


4-51 


Carbon 




. . « 


0-60 



99-54 



This sample accepted. 

3. Analysis of a sample of lead colour paint — 



V ^ 




Per cent. 


Vi/l>X 9t« ••• ••• ••• 




9-61 


Barium sulphate ... 




... 4212 


Basic lead carbonate 




... 34-65 


Calcium carbonate 




11-40 


Ferric oxide and alumina ... 




0-27 


Magnesia 




0-14 


Carbon 




1-50 


Combined water, alkali, and loss 




0-31 



This sample was rejected as of inferior quality. 



100-00 
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4. Analysis of a sample of lead colour paint used for 
machinery — 

Per cent. 

v/U ••• ••• t,» ••• ■■• ••• Mff vl^A 

Basic lead carbonate ... 70*03 

Insoluble siliceous matter ... 0*87 

Ferric oxide 1-03 

Lime 0*26 

Magnet^ia ... ... ... 0*13 

9^96 
This sample accepted. 

5. Analysis of a sample of lead colour paint — 

Per cent. 

Vi/AL ... *•• ••• ... ... ... ^v 40 

Basic lead carbonate 65*97 

Carbon 0*48 

Insoluble residue (BaS04) 6*15 

Calciam carbonate 1-71 

Magnesia 0*19 

"99-96 
This sample considered to be of satisfactory quality. Accepted. 

6. Analysis of a sample of lead colour paint — 







Per cent. 


v/H ••• ••• ••• ••• ••• 


•* • 


10-24 


Insoluble matter (barium sulphate) 


••• 


5*46 


Basic lead carbonate 


. *• 


73-89 


Carbon ... ... 


*•• 


1-28 


Ferric oxide (alumina) 


. . • 


0*32 


Calcium carbonate 


.. • 


804 


Magnesia 


• ■ ■ 


Trace 


Combined water, alkali, and loss ... 


• . • 


0-77 
100^6 


This sample considered to be of satisfactory quality. Accepted. 


7. Analysis of grey lead paint — 




Per cent. 


V/AX ■•• ... •*. ••• ••• 


... 


23*53 


Turpentine 


... 


2*54 


Pigment 


• • • 


73-93 



100*00 
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Azudjsis of the pigment — 







Percent 


Baflio white lead 




... 86-97 


Insoluble rilioeous matter... 




8-86 


Ferric oxide 




0-16 


Calcium carbonate 




0-66 


Carbon 




3-04 



99-69 



This sampla was rejected. 
Analysis of a farther sample — 









Percent 


V^H (.. ••* ••• *•• 


... 


... 


23-45 


Turpentine 


. • • 


... 


3-50 


Figment 


.*• 


. • • 


73-05 




100-00 


jrsis of the pigment — 






Per cent 


White lead 




a » « 


95-54 


Carbon 




. • • 


1-72 


Insoluble siliceous matter ... 




... 


1-58 


Ferric oxide and alumina ... 




... 


0-46 


Lime 




... 


Nil. 



99-30 



This sample was accepted. 



For the preservation of steel surfaces exposed to corrosion by 
prolonged immersion in sea water, especially in positions difficult 
of access, various kinds of cements have been used. The com- 
position of the cement referred to in Chap. VI., p. .402, and used 
as a coating in the bilges of caissons and other similar situations, 
is as follows : — 



Mineral pitch ... 
Mineral tar ... 
Boman cement 
Lime, fine white 



250 lbs. 

6 gallons 
360 lbs. 
56 „ 
14 „ 
1 gallon 



Besin, fine black 

Oil of naphtha, or black naphtha 

This composition gave an approximate weight of 102 lbs. per 
cubic foot, and formed a hard tenacious coating with an excellent 
surface, when applied to steel plates. 
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y mechanical elements of, 10 i 
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of boiled linseed oil, 482 
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of oxide of iron paint, 487 
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Culvert area for dock entrances, 406 
Cup-headed rivets, 114 

-, weight of, 116 



D 



Decks of jetties, 340 

of caissons, 897 

camber, 408 

Dock entrances, caissons for, 384 

, areas of, 403, 427 

Dolomite in linings, 15 
Downspouts, 282 
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Drainage from roofs, 279 

, discharge of, 282 

DriUed holes, 111 

and punched holes, 112 

Drills, pneninatic, 116 



E 



Eccentricity of load in columns, 181, 195 

, examples of results of, 195, 201 

Elasticity, modulus of, 424 

of pitch chains, 424, 425 

Elements, mechanical, 82 

-, of angles, 85 

-, of bulb tees, 94 

-, of channels, 101 

-, of roUed joists, 97 

-, of tees, 91 

-, of zed aneles, 104 
Elm, American, weight of, wet and dry, 

400 
Equal-legged angles, 85 

, areas of, 85 

, mechanical elements of, 85 

, weights of, 85 

Expansion joints, 131 

in girderwork, 131 

in gutters, 289 

Extension, ultimate, of mild steel. Pee 
Tables of Tissts. 

of mild steel plates lengthwise 

and crosswise, 47 

of wrought iron, 56 



Fairleads, for jetties and whanres, 870 

, foundations for, 871 

— ^ position and arrangement of, 371 

Faying surfaces, 110 

Ferric oxide, 437 

Fibre of wrought iron, 432 

Fixed ended columns, 198, 209 

Fhit-footed rails, 139 

Flats, steel, tests of, 26 

Floating caisson, 386 

IxMms for jetties, 349 

Forgings, steel, tests of, 43 

Formul» for acid open- hearth steel, 12 

basic opeu-hearth steel, 12 

Foundation bolts, 226, 262, 265 
Foundations to columns, 256, 260, 265 
Friction, coefficient of, timber on granite, 

399 
Furnace, Siemens regeneratiye, 14 



G 



Gauge of traveller roads, 136, 138 
Gear, hauling, for caissons, 405 



Girderwork, 106 

Girders, riveted steel, 107 

Girdem, examples of box, 107 

, for bridge construction, 

117 
, for supporting tanks, 157 

lattice, 149 

of traveller, 134 

plate, 107 

roof, 149 

Graphic diagrams of column formulse, 208 
Gh^vity, specific, of linseed oil, 438 
Greenheart, weight of, wet and dxy, 400 
Grey paint, analyses of, 439 
Gutters, roof, 279 

^ cast-iron, 279 

, cesspools, 280 

, discharge of, 282 

, downpipes for, 284 

, expansion joints in, 289 

, leai, 279 

, riveted steel, 279 

, stopped ends of, 289 

Gyration, least radius of, for, 
— ^, bulb tees, 94 

, channels, 101 

, equal-legged angles, 85 

, oi^inary tees, 91 

, rolled joists, 97 

, unequal-legged angles, 87 

, zed angles, 104 



H 



Hammer, pneumatic hand, 116 

for caulking, etc^ 116 

for riveting, 116 

Hand riveting, 116 

hanuner, pneumatic, 116 

Handrailing for caissons, 416 

Hauling or pitch chains, 417 
-, details of, 417, 423 
-, extension of, under load, 424 
', modulus of elasticity of, 424 

, teste of, 424 

, teste of steel for, 46 

Heads, cup of rivete, 115 

, pan of rivete, 115 

, weight of, and pointe of rivete, 116 

Hearth, open, steel, 13, 16, 17, 20 

Hexagon-neaded bolte and nuts, weight 
of, 176 

Hipped roofs, 272 

Holder-up pneumatic, 1 16 

hand, 116 

Holding-down bolte, 226, 254, 265 

— ^> apparatus for caissons, 399 

Hydraulic riveting, 116 

rams for caissons, 408 

Hydrochloric acid, 431 



INDEX. 



Inertia, momenU of, 

of bvlb teei, 94 

of channels, 101 

of eqnal-legged angles, 85 

of orainary tees, 91 

of rolled joists, 97 

of nneqnal-legged angles, 87 

of led angles, lOi 

Influence upon mild steel, 
~^-^ of alnmininm, 8 
— ^ of arsenic, 9 

of carbon, 4 

— - of copper, 8 

of manganese, 9 

of phosphorus, 5 

— ^ of silicon, 4 

of sulphur, 7 

Ingot, steet 2, 8 
Insoluble siliceous matter, 487 
Intermediate rafters, 278 
Iron, cast, test ban, 77 

^ pure, 11 

, wrought, tests on, 56 



Jetties, design of, 839 

, accessories to, 861 

, bollards for, 361 

, box f^irderB for, 352 

, cast-iron cylinders for, 353 

, classification of, 339 

, composite cast-iron and timber, 844 

, crane-roads for, 348 

, details of cjlinders for, 353 

, details of pilework for, 345 

, finished lengths of piles of, 343 

, height of deck of, 341 

, making nj) lengths of piles of, 343 

, modes of sinking piles of, 341 

, sawing off piles of, 344 

, types of design, 339 



Joints, riveted, design of, 108 
Joists, rolled steel, 94 

-, mechanical elements of, 



97 



-, proportions of, 96 

-, tests of, 30 

-. use of, in columns, 217 



Keels of caissons, 388 

^ design of, 388 

, timber for, 391 

Kentledge or pig-iron ballast, 402 
Kicking of caissons, 407 



Lantern standards, 294 

, Louvre blades, 295 

_, span of, 299 

, test for weather tightness of, 

ZSfD 

Lanterns for roofing, 289 
Lattice girders, 149 
Launching of caissons, 879 

wm, 379 

Lead-colour paint, analysis of, 439 
Least radius of gyration. See Gtbatioh, 

LKA8T RADIUS OF 

Legged, equal, angles, 82, 85 

, unequal, angles, 82, 87 

Lewis bolts, 147 

Lime, 440 

Limits of plate areas in steel, 104 

Lininff, acid, 14, 15 

, basict 15 

Lock gates, 884 

Locomotiye gases, effects of, 429 
Louvre blades, examples of, 298 
-, tests for, 298 



M 



Machinenr, hauling, for caissons, 405 
Kake-up lengths of cylinders, 343 
Manganese, influence of, on mild steel, 9 
Manufacture of mild steel, 13 

-^— , methods of, 13 

Blarine engineering, use of steel in, 338 
Measurements of the deformations of 
struotursl work in contractor's yards, 
882 
Mechanical elements, 

of bulb tees, 94 

of channels, 101 

of equal-legged angles, 85 

of onlinary tees, 91 

of rolled joists, 97 

of unequal-legged angles, 87 

of zed angles, 104 

tests of mild steel, wrought iron, 

cast steel, cast iron. See Tables of 
Tests 
Microscopic examination of the structure 

of metals, 58 
Mild steel, 2 

, acid, Bessemer, 13 

, acid open-hearth, 13 

-, basic, Bessemer, 13 
-, basic open-hearth, 13 
-, chemical analyses of — 
angles, 51, 52, 53, 55 
flats, 52, 53 
links for chains, 54 
plates, 48, 49, 53, 55 
rivets, 52 



INDEX. 



44S 



liild steel, colamn constrnction in, 180 

— , fonnultt for acid open hearth, 



12 
12 



-, formuUs for basic open hearth 



, influence of carbon on, 2 

y influences of other chemical 

constituents on, 4 
, mechanical tests on — 

angles, 20 

bolts and nuts, 43 

channels, 29 

flats, 26 

forgings, 48 

for special purposes, 45 

plates, 86 

rectangular bars, 85 

rivets, 41 

rolled joists, 80 

round oars, 88 

tees, 24 

trough flooring, 83 

zed angles, 32 

, output of various forms of, 59 

» process of manufacture of, 13, 

, protection of, firom corrosion, 

428 

, riveted girderwork in, 106 

, rolled sections in, 82 

— , roof construction in, 269 

, use of, in marine engineering, 

338 
Mill scale, removal of, 431 
Mineral acid, 432 

Modulus of elasticity of chains, 424 
Mooring rings, 879 
Mud scrapers, 416 



N 



Nuts and bolts, weight of, 175 



Oak, Dantzic, 400 

, ^^, weight when dry, 401 

, , weight after immersion, 401 

Oblique connections in joints, 108 
Obtuse angles, 83 
Oil, boUed linseed, 432 

, , analyses of, 483 

, , coating of, 432 

Open-hearth steel. Bb^ Mild Btsil 

acid, 13 

basic, 13 

Ordinary tees, 90 

y mechanical elements of, 91 

Output of various steels, 59 
Oxidation in metallic structures, 428 

, influence of, and results, 428 

Oxide of iron paint, 436 

, an^yses of, 487 

, feme, 487 



Paint, protective, 436 

first coats of, 436 

grey colour, analyses of, 439 

lead colour, analyses of, 438 

red oxide of iron, 436 

, analyses of, 437 

stone colour, 436 
Paths, roller, for caissons, 408 

, details of, 410, 412, 418 

, joints in, 411 

, tests on cast steel for, 69 

Pawl racks, cast steel for, 62 

, tests on cast steel for, 66 

Pendulum, length of, in caissons, 396 
Penstocks in dock work, 339, 372 
Percentage of carbon in steel, 3 
— of iron in steel, 

of manganese in steel, 

— ^ of phosphorus in steel, 

of silicon in steel, 

of sulphur in steed, 

of chemical constituents in wrought 

iron, 

y in boiled linseed oil, 

, in cast iron, 

, in cast steel, 

, in lead coloured or grey paint, 

8m Chemical Amaltsbs 

, in oxide of iron naant, 437 

Permanent set of cast steel bars, 75 

PhfiBnix column, 222 

Phosphorus, influence of, on mild steel, 5 

, percentages of, 

8m Gbbmioal Akaltbbs 

, safe limit of, 7 

Pickling mild steel, process of, 431 

, duration of, 431 

, proportions of acid for, 431 

tanks, 431 

Piles for jetties, details of, 345 

, joints in, 346 

, lengths of, 343 

, sawing off, 344 

Plate girders, examples of, 107 
Plates, mild steel, 104 

, extensions of, lengthways, 47 

y of, crosBways, 47 

, limits of area of, 104 

, tests of, 86 

Pneumatic riveting, process of, 116 

caulking hammer, 116 

hand hunmer, 116 

^— holder-up, 116 
Proportion^ of acid in pickling, 431 
Protection of steed from corrosion, 428 
Punched holes, 110 

y rimering of, 113 

, shape of, 110 

Punching macnine, 109 
Punching machine, clearance in dies of, 
110 
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ParlixiB, roof, arrangement of, 277 
<— , design of, as affected by natnre of 
roof corering, 277 

, details and sectiona of, 278 

, examples of, 815, 828 



Quadrant secticms for columns or pilesi 222 

— , combinations of, 222 

, connections with, 222 



B 



Bafter, principal in roof work, 271 

, intermediate, 278 

Rag bdtB, examples of, 147, 148 

Rainfall, dispossl of, 279 

Rainwater downpipes, examples of, 284 

gutters, 287 

, discharge of, from cesspools, 281 

, tests on discharge of, 2jB2 

Rectang^ar bars, tests on mild steel, 85 

, — wrought iron, 56i 

Red oxide of iron paint, 436 

, analyses of, 487 

Regeneratiye furnace, 14 
Resistance to tension of mild steel, 

8m Tabubs of Thtb 
to compression of mild steel, 

Sm Columns, Tests of 
Rivet holes, 110 

, drifting, 110 

, drilled. 111 

^^, punched, 110 

— ., punched and rimered, 118 

, shape of, 110 

Rivets, mild steel, 114 

, cup-headed, 115 

, heads and points of, 115 

, pan-headed, 115 

, tests on steel for, 41 

, weight of heads and points of, 116 

Rods, round, mild steel, tests on, 38 
Rollers for caissons, 408 

, tests on cast steel for, 71 

Rolling loads on traveller girders, 134 

^— on wheels, 135 

Roof construction in mild steel, 269 

— , development of, 270 

— guttering, 279 

, details of, 288 

knterns, 289 

principals, 270 

, analysis of, 270 

, compression members of, 271 

-, condutions of practical testing 



of, 881 



278 



-, cottering-up of, 835 

-, expansion arrangements for, 



Roof construction, intermediate bracing of, 

276 

, intermediate rafters, 278 

— , main ties or lower tension 

members, 274 

-, methods of measurement of 



defcmnation, 884 

y principal rafters in, 271 

, setting out of, 886 

, shoes for, 278 

-, testing of, 881 



purlins, 277 

skyliffhto, 279 

ventuAtors, 279 

Roofing accessories, 279 

details in connection with tank work, 

171 
Roofs, examples of, 801 

of flat pitch, 801 

, special types of, and details, 820 

Round D8X8, tests of mild steel, 88 

— , wrought iron, 56 

Rubber, India, for mud scrapers, 416 
Rust on steelwork, 432 



S 



Safe position of caisson valvea, 398 
Saturated timber, weight of, 400 
Scantlings minimum, 893 
Scuttling tanks for caissons, 896 
Shape of rivet heads, 118, 114, 115 
Shingle, abrasion by, 430 
Ship or floating caissons, 394 
Shoes to principals, 273 
Siemens-Marten or open-hearth steel, 13 
Siemens regenerative furnace, 14 
Silicon, influence of, on steel, 4 
, percentage of. See Chbmioal 

Amaltssb 
Sills, dock, depth of, 408, 427 

— , , design of, for caissons, 390 

Skin-plating of cussons, 898, 895 
Skylights few roofing, 289 
Slag in wrought iron, 57, 58 
Sli^277 
Sledge-runners, 407 
Sliding caissons, 403 

, areas of, 427 

, camber deck for, 408 

, combination of runners and 

rollers in, 407 

^^ , culvert area for, 406 

-, decks of, 403, 404 



k 



, handrailing for, 416 

, hauling chains for, 417 

, hauling machineiy for, 405 

, mud-scrapers for, 416 

, pathways for, 410, 412, 418 

, rams for, 415 

, rollers for, 412, 414, 415 

, sledge runners in, 407 
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Sliding eaisBons^ siiding ways for, 407 
-, slaices m^ 406 
-, tilting moments in, 407 
-> weights of, 427 
-, widths and depths of, 427 

Sluices, auxiliary, in caissons, 406 

Smith work in roof principals, 275 

Snap or point to rivets, 116 

Span of travellers, 135, 136 

Special purposes, steel for, 45 

Specification of tested material, 17 

Specific gravity of boiled linseed oil, 438 

Spur wheels, cast steel for, 61 

Square connections in riveting, 108 

Stability of caissons, 381, 387, 396 

Steel, mild. 8m Mild Steel 

, crucible, 13 

, extra soft, 3 

for stocks and dies, 3 

graving tool, 3 

, hard file, 3 

, high carbon, 3 

— , medium, 3 

razor steel, 3 

turning tool, 8 

, wood-working chisel, 3 

Stems of caissons, 888 

Stopped ends of gutters, 281, 289 

Strength, tensile. Bw Tables of Tests 

Struts in roof princiiHUs, 276 

, strength of. ott Columns 

Sulphur, influence of, on steel, 7 

^, percentages of. B»t Chemical 

Akaltseb 

, maximnm percentage advisable, 8 



Table No. 1, Approximate percentages 
of carbon and approximate ultimate 
tensile strength of steel for various 
purposes, 8 

No. 2, Increases in tensile strength 

corresponding to percentages of man- 
ganese and carbon, acid steel, 11 

— No. 3, Increases in tensile strength 
corresponding to percentages of man- 
ganese, and carbon, basic steel, 12 

— — No. 4, Tests on mild steel angles, 20 

No. 5, Tests on mild steel tees, 24 

No. 6, Tests on mild steel flats, 26 

No. 7, Tests on mild steel channels, 

29 
No. 8, Test on mild steel rolled 

joists, 80 

No. 9, Tests on mild steel zed 

angles, 82 

-^— No. 10, Tests on mild steel trough 

flooring, 83 
No. 11, Tests on mild steel round 

bars, 33 



Table No. 12, Tests on mild steel rect- 
angular ban, 85 

•— — No. 13, Tests on mild steel plates, 
36 

No. 14, Tests on mild rivet steel, 41 

No. 15, Tests on mild steel for bolts 

and nuts, 43 

No. 16, Tests on m'dd steel forgings 

and other special steels, 48 

No. 17, Tests on mild steel for 

special purposes, 45 

- No. 18, Tests on wrought-iron bars, 
rectangulajr and round, 56 

No. 19, Methods of annealing of 

steel castings, 64 

No. 20, Tests on castrsteel bars, 66 

- No. 21, Transverse strength of cast- 
steel bars, 74 

No. 22, Transverse strength of cast- 
iron bars, 77 

No. 28, Mechanical elements of 

equal-legged angles, 85 

— ^ No. 24, Mechdaical elements of 
uneoual-legged angles, 87 

No. 25, Mechanical elements of 

ordinary tees, 91 

No. 26, Mechanical elements of 

bulb tees, 94 

No. 27, Mechanical elements of 

rolled joists, 97 

- No. 28, Mechanical elements of 
channels, 101 

No. 29, Mechanical elements of zed 

angles, 104 
No. 30, Weights of heads and points 

of mild steel rivets, 116 

No. 81, Approximate total weights 

of overhead travelling cranes, 136 

No. 32, Weights of nuld steel bolts 

and nuts, 176 

No. 33, mtimaie resistance to com- 
pression of wrought-iron columns, 189 

No. 84, Influence of rivet pitch on 

the strength of columns, 198 

No. ^, Results of experiments on 

rate of discharge of rainwater from 
roof gutters, 282 

lAo. 86, Weights of timber, wet and 

dry, 400 

- No. 37, Stowage value of pig-iron 
and other ballast, 402 

No. 88, Weights of materials and 



machinery in floating caissons, 403 

— — • No. 39, Observed extensions of 
hauling chains under tensile stress, 10- 
inch links, 424 

No. 40, Observed extensions of 

hapling chains under tensile stress, 9- 
inch links, 425 

No. 41, Weights of sliding caissons, 

427 

Tank plates, 161 

-, joints of, 165 
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Tanks, cast iroo, 157 

, connectioiis of roofing with, 161 

, details of, 157 

, giiderwoik for, 168 

» pipewwk for, 174 

, tie-rods for, 167 

Tees, ordinary, 90 

, , medumical elements of, 91 

, bulb, 91 

, , mechanical elements of, 94 

, tests of mild steel for, 24 

, use of, in stmts, 215 

Templet system of marking ofF rivet 

holes, 111 
Tension, resistance to {fitt Tables), of 

mild steel, wrought iron, cast steel 
Tests, fiios Tables of 
Tidal levels, influence on caisson desiirn, 

893 * 

Timber, weight of, wet and drj, 400 
Transrarse strengA of cast-steel bars, 74 

of cast-iron ban, 77 

Traveller girders, examples of, 142 
Travelling cranes, 134 

, approximate weights of, 186 

y clearances for, 1^ 

, ffauffe of road for, 138 

, headway for, 137 

y loads on wheels of, 184 

Trough flocH-ing, tests of steel for, 33 



U 



Ultimate resistance to compression. See 

COLUMKS 

to tension. See Tables 

to extension. See Tables 

Unsaponifiable matter in boiled linseed 
oil. See Chbmioal Analyses 



VaUey gutters, 280, 282, 284 
, cesspools to, 281 



VaUey gutters, details of, 280, 283 

, discharge from, 282 

Valves in caissons, 378, 397, 398 
Ventilators in roofs, 289 
Viaduct, girderwork in, 117 
Vulcanised India rubber in mud scrapers, 
416 



W 



Washers or bearing plates, cast iron, 358 
Water pressure on caissons, 388 

tanks in caissons, 397, 398 

, cast iron, 157 

, rain, discharge of, 282 

Weights of heads and nuts of bolts, 176 

and points of rivets, 116 

of floating caissons, 403 

of sliding caissons, 427 

of timber, wet and dry, 400 

Wind pressure, 269 
Wrought iron, 46, 56, 57 

bars, rectangular and round, 

tests on, 56 



Yoke girder for caissons, 425 

1 connection of, with haulinir 

chains, 426 
, supports of, 425 



Zed angles, 102 

, mechanical elements of, 104 

, steel, tests of, 82 

, use of, in column design, 220 

Zinc roof covering, 277 



THE END. 
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